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ES EXECUTIVE SUMMARY

Following a review of groundwater and surface water data that was presented in the March 

2005 Draft Final Multiple Source Groundwater Response Plan Remedial Investigation Report 

(MSGRP RI), the U.S. Environmental Protection Agency (EPA), has identified ammonia as an 

additional contaminant of concern for the Industri-plex Superfund Site Operable Unit 2 (Industri-

plex OU-2). This technical memorandum presents the findings of this evaluation. 

Section 2.0 of the MSGRP RI presents a detailed discussion of each groundwater sampling 

event conducted during the Industri-plex OU-2 MSGRP RI.   The analytical results of these 

sampling events are included in Appendix 4B of the MSGRP RI, and a summary of analytical 

results is set forth in Table 2-1.  The data presented in Appendix 4B includes anion and cation 

data, which includes ammonia from 39 monitoring wells.  On June 24, 2005, EPA’s Office of 

Research and Development (ORD) released an internal memorandum entitled “Ammonia Data 

For Water Quality Samples” (June 24 ORD Memo), which presents ammonia groundwater and 

surface water data that were collected as part of the Natural Attenuation Study (NAS), 

conducted to support the MSGRP RI. The memorandum and data were included in the June 

2005 Administrative Record. In addition to the NAS groundwater and surface water ammonia 

data, EPA collected and evaluated the following additional surface water and soil data: 1) July 

2005, ammonia surface water data (to further understand background conditions); and 2) July 

2005, heavy metals soil data (to further evaluate an area being considered by the City of 

Woburn for future recreational trails).    

EPA has determined that previously identified contaminated groundwater plumes outlined in the 

June 2005 Proposed Plan and illustrated on Figure 3-1 also contain high concentrations of 

ammonia.  The decomposition of the buried animal hide wastes at the Operable Unit 1 of the 

Industri-plex Site (Industri-plex OU-1) contribute significantly to the generation and release of 

ammonia in groundwater.  In addition, the contaminated groundwater plumes contain strong 

reducing conditions which contribute to the presence and migration of high ammonia 

concentrations in the groundwater and its discharge into the HBHA Pond.  The fate and 

transport of ammonia is similar to the fate and transport patterns observed for dissolved arsenic 

groundwater plumes.
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The highest concentrations of ammonia in groundwater (up to 2,710 milligrams per liter (mg/L)) 

were found at locations adjacent to or downgradient of the existing animal hide piles or in other 

areas where animal wastes have been buried, such as the NSTAR right-of-way.  Consistent 

with the MSGRP RI, these groundwater plumes, including ammonia, migrate and discharge in 

the HBHA Pond.  Concentrations of ammonia up to 1,380 mg/L were observed discharging in 

the northern portion of the HBHA Pond, and concentrations up to 1,270 mg/L were observed in 

the deep surface water of the HBHA Pond.  The concentrations of ammonia in the shallow 

surface water at the HBHA Pond outlet were slightly elevated and ranged from 4.0 mg/L to 17.9 

mg/L.  

On July 11, 2005, EPA collected samples to evaluate background ammonia surface water 

conditions entering the HBHA Pond.  Ammonia was not detected in surface water samples 

collected from Halls Brook upstream of the New Boston Street Drainway confluence.  Slightly 

elevated ammonia concentrations (ranging from 9.97 mg/L to 12.7 mg/L) were detected in 

surface water upstream along the New Boston Street Drainway, Landfill Creek, and East 

Drainage Ditch.  After surface water flow from the New Boston Street Drainway combines with 

Halls Brook prior to its discharge into HBHA Pond, the ammonia concentration at the outlet of 

Halls Brook was 2.10 mg/L or approximately 80 percent less than upstream New Boston Street 

Drainway, which suggests the upstream ammonia concentrations are diluted by Halls Brook 

prior to discharge into the HBHA Pond.   

EPA has evaluated the human health and ecological risks associated with ammonia based on 

groundwater data presented in the MSGRP RI and groundwater and surface water data 

presented in the June 24 ORD Memo,.  In addition, EPA evaluated potential human health risks 

associated with the July 2005 soil data collected between former Woburn production wells G&H.  

EPA applied the same risk assessment methods and approach utilized in the March 2005 

MSGRP RI, and determined that the ammonia contributes to excess human health risks to 

future commercial workers exposed to site groundwater via inhalation exposure scenarios.  EPA 

also determined that the surface water at the HBHA Pond contains excessive concentrations of 

ammonia that exceeds the National Recommended Ambient Water Quality Criteria (NRWQC) 

and contributes to unacceptable ecological risks to aquatic life in the HBHA Pond. As a result, 

EPA is identifying ammonia as an additional contaminant of concern in groundwater and surface 

water that also warrants action under Industri-plex OU-2. 
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As indicated above, ammonia is an additional compound within the previously identified 

contaminated groundwater plumes, which discharge into the HBHA Pond.  The fate and 

transport of ammonia in groundwater is consistent with the fate and transport of other

contaminated groundwater plumes (e.g. arsenic and benzene) presented in the MSGRP RI, 

where contaminated groundwater plumes originate from Industri-plex OU-1 and discharge into 

the HBHA Pond, impacting aquatic life in the pond.  Similar to processes that are attenuating 

arsenic and benzene, the presence of the chemocline in the HBHA Pond serves to sequester 

the highest concentrations of ammonia at depth while assisting in the natural processes that 

convert ammonia to nitrates and nitrites in the more oxic zones of the water column.

The identification of this additional contaminant of concern does not alter the remedial 

alternatives selected for the June 2005 Proposed Plan, which would also adequately address 

ammonia concentrations.  Preferred Alternative GW-2–Pond Intercept and Monitoring with 

Institutional Controls would incorporate ammonia and remain protective; Preferred Alternative 

GW-4 for the West Hide Pile, In-situ Enhanced Bioremediation, would reverse observed 

reducing conditions to oxidizing conditions, thereby decreasing ammonia concentrations; and

Preferred Alternative HBHA-4 would also intercept ammonia plumes, continue to sequester/treat 

contaminants (including ammonia) below the chemocline, and further reduce contaminants 

below NRWQC via an appropriately designed aeration treatment system.  A pre-design 

investigation would include monitoring for ammonia to ensure the cofferdams associated with 

the northern portion of the HBHA Pond are properly located to intercept the contaminated 

groundwater plumes, including ammonia, and the aeration treatment system is appropriately 

designed to reduce contaminants below NRWQC.  Further pre-design studies would be 

implemented to ensure the aeration treatment system is properly designed, and to further

evaluate ammonia background conditions. 

EPA also evaluated risks for the soil samples collected between the former production wells 

G&H.  The soil samples were analyzed for heavy metals and the concentrations detected were 

relatively low in all samples. EPA determined that human health risks did not exceed EPA’s risk 

range, Feasibility Study (FS) Remedial Action Objectives (RAO), or FS Preliminary Remediation 

Goals (PRG).
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EPA believes that the addition of ammonia as a COC does not substantially affect the overall 

evaluation outcome, or alter the cost, scope, or performance of the alternatives identified in the 

June 2005 FS and Proposed Plan.
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1.0 INTRODUCTION

This report was prepared at the request of the U.S. Environmental Protection Agency (EPA) by 

the cooperative efforts of Tetra Tech NUS, Inc. (TtNUS) and Metcalf and Eddy, Inc. (M&E) for 

the United States Environmental Protection Agency (EPA) under Contract No. 68-W6-0045, 

Work Assignment No. 116-RICO-0107 and Contract No. 68-W6-0042, Work Assignment No. 

107-RICO-0146, respectively. 

The objectives of this report are to: 1) further evaluate groundwater and surface water data that 

were included in the March 2005 MSGRP RI (TtNUS, 2005a) and the June 24 ORD Memo, 

which were included in EPA’s June 2005 Administrative Record; 2) present additional surface 

water and soil data collected subsequent to the issuance of the MSGRP RI  and the June 2005 

Draft Final MSGRP Feasibility Study (TtNUS, 2005b), and 3) evaluate the nature and extent, 

fate and transport and potential human health and ecological risks resulting from the ammonia 

in groundwater and surface water data, and metals in the July 2005 soil data.  For contextual 

purposes, previously released data is included in this evaluation.
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2.0 SAMPLING BACKGROUND

After further review of groundwater and surface water data collected during the MSGRP RI, 

EPA on July 11, 2005, conducted additional sampling of surface water in the Halls Brook 

Holding Area Pond (HBHA Pond) and surface water flowing into the HBHA Pond.  In addition, in 

response to a request from the City of Woburn, EPA collected additional surface soil samples 

on July 12, 2005 from a potential future recreational area adjacent to the eastern edge of the 

Wells G&H 38-acre wetland, near the former production wells, Well G and Well H.  

The following sections present the results of these sampling events as wells as previously 

reported sampling events in order to fully evaluate contaminant trends and potential risks.

2.1 Groundwater and Surface Water Data

Groundwater data collected during the remedial investigation as part of the Groundwater and 

Surface Water Investigation Plan (GSIP) included geochemical analytical parameters to be used 

in the evaluation of fate and transport mechanisms for metals mobilization and migration, in 

particular, arsenic.  These secondary parameters included anions and cations, specifically, 

ammonia, nitrite, nitrate, phosphorous, bicarbonate, and sulfate. Other parameters included 

alkalinity, total suspended solids, and dissolved organic carbon.  A total of 39 well locations 

were sampled, most at multiple depths intervals.  Well locations sampled for ammonia during 

the MSGRP RI investigation are shown on Figure 2-1.  Detailed discussions regarding each 

sampling event are presented in Section 2 of the MSGRP RI. The results of these analyses 

were originally presented in Appendix 4B of the MSGRP RI, but are also summarized in Table 

2-1.  The MSGRP RI was publicly released in March 2005, and was included in EPA’s June 30, 

2005 Administrative Record for Industri-plex OU-2. 

As reported in Section 2.0 of the MSGRP RI, EPA ORD conducted a field investigation in 

several phases from October 1999 to September 2001 to support an assessment of arsenic 

contamination and migration within the Northern Study Area. The objectives of the study were 

to: 1) determine migration mechanisms controlling arsenic transport at Industri-plex OU-1 and 

the study area; 2) evaluate the potential role of natural attenuation processes in mitigating 

arsenic transport from the site and study area; and 3) provide guidance for determining 

reasonable, cost-effective treatment technologies for the Aberjona River.
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The field investigation included the collection of groundwater, surface water, and sediment 

samples from Industri-plex OU-1 and study area.  Sample collection efforts focused on 

characterization of arsenic migrating from site groundwater to the surface water and sediment in 

the HBHA Pond.  Details of the field investigation, study methodology, and results were 

presented in the study report (Draft Project Report: Natural Attenuation Study; Groundwater, 

Surface Water, Soil, and Sediment Investigation; Industri-plex Superfund Site; Woburn, 

Massachusetts. Robert Ford, EPA ORD, September 2004), which was included as Appendix 2D 

of the MSGRP RI.  The report however, did not present all geochemical data collected during 

the investigation, but rather focused on the analytical results controlling arsenic migration and 

natural attenuation processes.  

The June 24 ORD Memo presented the results of dissolved ammonia-nitrogen, temperature, 

and pH in groundwater and surface water samples collected during the study, including sample 

location figures.  Well locations that were sampled by EPA ORD for ammonia are shown on 

Figure 2-2 (groundwater) and Figures 2-3 and 2-4 (surface water). The June 24 ORD Memo is 

included in Appendix A of this report, and was also included in EPA’s June 30, 2005 

Administrative Record for Industri-plex OU-2.

2.2 July 2005 Surface Water Data

Upon further review of the geochemistry data for groundwater and surface water data, ammonia 

was identified as a potential contaminant of concern due to the high concentrations observed in 

groundwater in the vicinity of the hide piles, the NSTAR right-of-way, and in deep surface water 

of the HBHA Pond; a known discharge zone for groundwater originating from the Industri-plex 

Site.

On July 11, 2005, EPA’s New England Regional Laboratory (NERL) collected 12 surface water 

grab samples from 12 locations in the HBHA Pond, Halls Brook, East Drainage Ditch, New 

Boston Street Drainway, and Landfill Creek. Sample locations are shown on Figure 2-5. The 

purpose of these samples was to evaluate background concentrations of ammonia in surface 

water. 

Samples were analyzed for ammonia, bromide, chloride, fluoride, nitrate, nitrite, sulfate, nitrate 

as nitrogen, nitrite as nitrogen, and o-phosphate as phosphorous.  Results of these analyses as 
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well as field logs and sample location figures are presented in Appendix B of this report and are 

summarized in Table 2-4.

2.3 July 2005 Soil Data

As mentioned above, in response to a request from the City of Woburn, on July 12, 2005, EPA 

NERL collected 12 surface soil samples from 12 locations along the eastern edge of the Wells 

G&H wetland in an area potentially used for future recreational activities such as recreation 

trails. Sample locations are shown on Figure 2-6.  

Samples were analyzed for target analyte list (TAL) metals.  These results of these analyses as 

well as field logs and sample location figures are also presented in Appendix B of this report. 

Analytical results for the soil samples are also summarized in Table 2-5.
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3.0 NATURE AND EXTENT OF CONTAMINATION AND FATE AND 
TRANSPORT

The following section presents a discussion of the analytical data for groundwater, surface 

water, and soil discussed above as well as fate and transport mechanisms. 

3.1 Groundwater

A portion of the groundwater samples collected during the GSIP phase of the RI investigations 

was analyzed for anions and cations. Of particular note was ammonia, which showed 

concentrations ranging from non-detect in locations near Mishawum Road to 2,710 milligrams 

per liter (mg/L) in sample locations adjacent to or downgradient of the hide piles or where 

animal waste have been buried, such as the NSTAR right-of-way.  

Groundwater data collected by EPA ORD showed ammonia concentrations up to 1,380 mg/L 

discharging in the northern portion of the HBHA Pond (TW-01 sampled on 9/11/01).  The 

highest concentrations of ammonia were consistently observed in wells located along the 

northeastern edge of the HBHA Pond Refer to Figure 3-1.

The pattern of contamination shown on Figure 3-1 is consistent with the pattern predicted from 

both the source information and groundwater flow directions presented in the MSGRP RI.  The 

flow path pattern is also consistent with the distribution of other contaminants modeled in the 

MSGRP RI, specifically, arsenic and benzene.   See Figure 3-2 for a partial summary of key 

groundwater contaminant migration pathways, including ammonia.

Fate and Transport of Ammonia in Soil and Groundwater

Industri-plex OU-1 has a very large source of organic nitrogen in the form of buried animal hide 

wastes.  As bacteria decompose the waste, some of the nitrogen that was bound up in complex 

organic molecules can be released to the soil as ammonia.  Through leaching processes, the 

ammonia is converted to ammonium by reacting with water.  Ammonia exists in water in two 

forms: as ammonium ion (NH4
+), which is highly soluble, and as ammonia gas (NH3) (Masters, 

1991). 
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In aerobic substrates, organic nitrogen may mineralize to ammonium, which plants and 

microbes can utilize, adsorb to negatively charged particles (e.g., clay), or diffuse to the surface.  

Ammonium can be absorbed by plants or microbes and incorporated back into the organic 

matter matrices.  It can also become bound to organic soil matrices since the soils have 

negative charges and the ammonium is positive.  However, ammonium is a reduced compound, 

so if there is no oxygen present, it won't transform or be converted, but rather just increase in 

concentration.  In the case of Industri-plex OU-1, reduced conditions have been documented in  

groundwater (MSGRP, 2005a).  These conditions would tend to cause ammonium to remain in 

the dissolved state and migrate with the groundwater flow towards the south, discharging into 

the HBHA Pond and wetlands.

Concentrations of ammonia in groundwater can fluctuate depending on seasonal temperature 

conditions that impact biological activity.  For example, in winter months, biological activity is 

usually low, consequently ammonia concentrations are low.  However, the animal hide wastes 

at the Industri-Plex site are buried, in some cases more than 40 feet below grade, and are 

relatively insulated from the effects of seasonal temperature changes. Therefore, the biological 

processes accounting for the production of ammonia is relatively unaffected by seasonal 

temperature changes.  This results in consistent elevated concentrations of ammonia in 

groundwater, discharging to the deeper portions of the HBHA Pond on a year-round basis.  

3.2 Surface Water

According to the EPA ORD data from surface water samples collected in the HBHA Pond, the 

highest concentrations of ammonia were consistently detected at the deepest locations in the 

northern portion of the HBHA Pond, up to 1,270 mg/L (NML sampled on 9-14-01).  The northern 

portion of the HBHA Pond has been identified as the principal discharge zone for contaminated 

groundwater originating from the Industri-plex OU-1. Concentrations of ammonia become 

attenuated in the water column, with concentrations decreasing towards the surface, away from 

the groundwater discharge zone.  The concentration of ammonia in shallow water (upper 100 

cm) in the HBHA Pond ranged from 2.0 mg/L to 31.1 mg/L, and averaged 10,7 mg/L.  This trend 

of the highest concentrations at depth and lower concentrations near the surface is also 

consistent with other contaminants observed in surface water such as arsenic and benzene.
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The concentration of ammonia from six samples collected at the Halls Brook inlet ranged from 

3.3 mg/L to 7.8 mg/L over multiple sampling events from 2000 to 2004, and averaged 5.6 mg/L.  

The concentrations of ammonia in the six shallow surface water at the HBHA Pond outlet 

ranged from 4.0 mg/L to 17.9 mg/L during these multiple sampling events, and averaged 9.9 

mg/L.  

On July 11, 2005, EPA collected samples to evaluate background ammonia surface water 

conditions entering the HBHA Pond.  Ammonia was not detected in surface water samples 

collected from Halls Brook upstream of the New Boston Street Drainway confluence.  Slightly 

elevated ammonia concentrations, ranging from 9.97 mg/L to 12.7 mg/L, were detected in 

surface water upstream along the New Boston Street Drainway, East Drainage Ditch, and 

Landfill Creek (see Figure 2-1).  After surface water flow from the New Boston Street Drainway 

combines with Halls Brook prior to its discharge into HBHA Pond (see Figure 2-5), the ammonia 

concentration at the outlet of Halls Brook was 2.10 mg/L or approximately 80 percent less than 

upstream New Boston Street Drainway, which suggests the upstream ammonia concentrations 

are diluted by Halls Brook prior to discharge into the HBHA Pond.  In addition, a sample 

collected from the NSTAR drainage channel exhibited ammonia concentrations of 8.03 mg/L. 

This drainage channel discharges into the northern portion of the HBHA Pond.

Fate and Transport of Ammonia in Surface Water

The MSGRP RI has documented the presence of a chemocline in the HBHA Pond.  Section 5 of 

the MSGRP RI presents detailed discussions on the formation and chemical reactions taking 

place at the chemocline.  Generally, the chemocline is induced by the difference in low 

conductivity/oxic surface water contributed by Halls Brook and inputs of high conductivity/anoxic 

contaminated groundwater into the deeper portions of the pond.

Due to the chemocline, dissolved metals in groundwater are being partially sequestered at 

depth in HBHA Pond sediments.  This chemocline also supports the biodegradation of benzene 

that is also being discharged by the contaminated groundwater plumes.  As a result of the 

chemocline, high concentrations of dissolved arsenic, benzene and conductivity are detected in 

deeper portions of the pond’s surface water, while very low concentrations are in the shallow 

surface water.  Based on the surface water data collected by EPA ORD during the natural 

attenuation study, EPA has concluded that the chemocline is also serving to sequester the 
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ammonia at depth.  See Figure 3-2 for a contaminant cross-section of HBHA Pond, including 

ammonia. 

As ammonia diffuses towards the chemocline, the bacteria Nitrosomonas europea can oxidize 

the ammonia to nitrite.  Other bacteria, such as Nitrobacter can then convert the nitrite to nitrate. 

Plants or microorganisms can assimilate nitrate (assimilatory nitrate reduction) or facultative 

anaerobic bacteria may further reduce nitrate (denitrification) to gaseous nitrogen (N2) when 

nitrate diffuses into the deeper anoxic water of the HBHA Pond.  The gaseous nitrogen can 

volatilize and disperse into the ambient air or be absorbed into organic matrices.  Thus, the 

alternating reduced and oxidized conditions of the HBHA Pond both below and at the 

chemocline completes the nitrogen cycle.

Another biodegradation process includes direct utilization of ammonia by plankton within the 

water column. This process would also contribute to the decrease in ammonia concentrations 

observed between the upper and deeper layers of the water column.  Upon the cyclical death of 

planktonic cells, these solids can settle back to the sediment layer returning sequestered 

nitrogen (ammonia) to the bottom of the HBHA Pond. Similar to the processes described at the 

hide piles, bacteria can decompose the plankton biomass and release the available nitrogen as 

ammonia.  

Typically, the biological and chemical process of nitrification/denitrification in the nitrogen cycle 

transforms the majority of nitrogen entering wetlands, causing between 70% and 90% to be 

removed (Reilly 1991; Gilliam 1994).  In the case of the HBHA Pond, the chemocline sequesters 

the higher ammonia concentrations at depth and assists the natural processes available that 

convert some of the ammonia to nitrates, nitrites, and nitrogen gas.  As ammonia migrates to 

the chemocline, aerobic bacteria can convert the ammonia to nitrite.  Through diffusion, the 

nitrite comes into contact with the more oxygenated zone of the chemocline where it can be 

further oxidized to nitrate.  Further reductions can also occur through facultative anaerobic 

bacteria where the nitrate can be reduced to nitrite and nitrogen gas can be released.

Based on data collected during the 18-month surface water investigation (presented in 

Appendix 2C of the MSGRP RI), Halls Brook contributes approximately 50 percent of the water 

in the HBHA Pond (on average) during baseflow conditions and approximately 81 percent (on 

average) during storm events. The surface water inflows from Halls Brook also assist in 



DRAFT FINAL

RI051306DF 3-5 Tetra Tech NUS, Inc.

decreasing ammonia concentrations in the shallow surface water of HBHA Pond through 

dilution.  This is most apparent during and immediately following heavy storm events.

3.3 Soil

Twelve surface soil samples were collected along the eastern edge of the Wells G&H wetland.   

Arsenic was the only contaminant of concern identified in the MSGRP RI that presented a risk 

or hazard to humans resulting from exposure to contaminated sediments.  Although not posing 

a risk or hazard, other contaminants of potential concern (COPC) evaluated in the MSGRP RI 

included lead and chromium. 

Arsenic was not detected in any of the 12 surface soil samples collected during the July 2005 

event.  Chromium concentrations ranged from 8.4 mg/kg to 26 mg/kg.  Lead concentrations 

ranged from 52 mg/kg to 370 mg/kg. 
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4.0 RISK EVALUATION

This section presents a human health and ecological risk evaluation of the groundwater, surface 

water, and soil data presented and discussed in Sections 2.0 and 3.0.  The purposes of this risk 

evaluation are: 1) to evaluate the potential human health risks and/or adverse ecological effects 

that may be posed by ammonia in groundwater and surface water at Industri-plex OU-1 and 

HBHA Pond, and metals in surface soil at the potential recreation trail area (RC area) near 

former production wells G and H; and 2) to provide a basis for decisions as to whether remedial 

action is necessary.  

Based on the lack of a completed exposure pathway between groundwater and ecological 

receptors, the groundwater ammonia data have been quantitatively evaluated for human 

exposures only.  Surface water ammonia data have been qualitatively evaluated for both human 

exposures and potential ecological effects.  Because the RC area surface soil metals data were 

specifically collected at the request of the City of Woburn to evaluate an upland area being 

considered for future re-use as a recreation trail, a quantitative human health risk evaluation 

was performed for the soil data.  

The human health evaluation of groundwater, surface water, and soil data is presented in 

Section 4.1 and the ecological evaluation of surface water data is presented in Section 4.2.  For 

those media and chemicals associated with a human health risk or hazard above EPA risk 

management guidelines or exceedances of ecological benchmarks or standards (e.g., National 

Recommended Water Quality Criteria), Remedial Action Objectives (RAOs) and Preliminary 

Remediation Goals (PRGs) are presented in Section 4.3. 

4.1 Human Health Risk Evaluation

The human health risk evaluation has been conducted using methods and assumptions 

consistent with those used in the baseline human health risk assessments for Operable Units 3 

of the Wells G&H Superfund Site (Aberjona River Study; MSGRP Southern Study Area) (M&E, 

2004) and Operable Unit 2 of the Industri-plex Superfund Site (MSGRP Northern Study Area) 

(TtNUS, 2005).  In cases where quantitative evaluation was performed, only Reasonable 

Maximum Exposure (RME) estimates of risk and hazard have been presented.
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The human health evaluation includes a quantitative evaluation of GSIP groundwater ammonia 

data, EPA ORD and July 2005 shallow surface water ammonia data collected from HBHA Pond, 

and July 2005 surface soil data.  Other groundwater and surface water quality parameters 

measured have not been included in this evaluation because: (1) the parameter was not 

detected (e.g., bromide); (2) detected concentrations were significantly below conservative 

screening criteria (e.g., nitrate, nitrite, and fluoride); or (3) the parameter is a nutrient/dietary 

component and is unlikely to be toxic at the levels detected (e.g., phosphate and chloride).  

Appendix C.1, Table 1 (Selection of Exposure Pathways) identifies the exposure media, 

exposure points, receptors, and routes of exposure quantitatively and qualitatively evaluated as 

part of this human health risk evaluation.

Groundwater

During the GSIP investigation, transect sampling of groundwater was conducted in 2001/2002 

for Industri-plex OU-1 and the study area which included sampling and analysis for ammonia.  

The groundwater ammonia data quantitatively evaluated for human health risks are presented in 

Appendix C.2, Table 1.  Sampling locations are shown on Figure 2-1.

Based on the MADEP groundwater use and value determination (MADEP, 1997), residential 

groundwater use in the Industri-plex Site area is assumed not to occur in the future.  However, 

use of contaminated groundwater for commercial purposes (e.g., process water and use in a car 

wash) is assumed.  Based on information presented in the baseline human health risk 

assessment for the Northern Study Area (TtNUS, 2005a), the car wash scenario is more 

conservative than the process water scenario for volatile compounds.  Therefore, this risk 

evaluation only presents the car wash scenario results.  For the car wash scenario, inhalation of

volatile compounds released from groundwater would be the primary exposure pathway.

To evaluate the impact of future groundwater use in a car wash on indoor air quality, the 

maximum detected groundwater ammonia concentration presented in Appendix C.3, Table 1, 

was modeled to an indoor air concentration using methods and assumptions provided in 

Appendix C.3, Table 2.  For estimation of air concentrations in a warm water car wash, the 

shower model approach presented by Foster and Chrostowski (1986; 1987) was assumed to be 
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proportionally representative of conditions similar to a car wash.  Additional details concerning 

the methods and assumptions used in the modeling are provided in Appendix C.3.

The maximum modeled indoor air ammonia concentration is presented in Appendix C.1, Table 

2.1.  The maximum modeled air concentration was compared to ambient air PRGs published by 

USEPA Region 9 (USEPA, 2004).  PRGs are chemical concentrations back-calculated using 

toxicity criteria and either a 1 x 10-6 target risk level for potential carcinogens or a hazard 

quotient (HQ) of 1 for noncarcinogens.  For purposes of this screening analysis, a HQ of 0.1 

was used to add a ten-fold measure of safety to reduce the chance of omitting chemicals from 

the list of COPCs that could contribute to a total hazard index (HI) of 1.  To accomplish this, 

PRGs for noncarcinogenic chemicals (i.e., ammonia) were divided by 10 prior to comparison to 

maximum detected values.  Because the maximum modeled indoor air concentration exceeded 

the ambient air PRG, ammonia was selected as an indoor air COPC for the car wash scenario. 

Groundwater ammonia data were then used to generate a groundwater 95% Upper Confidence 

Limit (UCL) value (Appendix C.3, Table 3) which was then modeled to estimate an airborne 

95% UCL concentration a worker may be exposed to during water use in a car wash.  

Documentation of the 95% UCL calculation is provided in Appendix C.3, Table 4.  Appendix C.3, 

Table 5, provides the model assumptions used to generate the 95% UCL air concentration.  

Appendix C.1, Table 3.1.RME lists the modeled 95% UCL air concentration for car wash water 

use. 

The exposure parameters for the adult car wash worker are shown in Appendix C.1, Table 

4.1.RME.  Car wash workers are assumed to be exposed to volatile COPCs in indoor air only.  

For the inhalation pathway, the exposure time was assumed to be equivalent to a typical 8-hour 

work day (USEPA, 1997a).  An exposure frequency of 250 days/year was used, which 

represents the 95th percentile number of days worked per year.  The default high-end exposure 

duration of 25 years was used (USEPA, 1997a).  As recommended in RAGS (USEPA, 1989), 

the averaging time for noncarcinogens was set equal to the exposure duration, and the 

averaging time for carcinogens was the standard USEPA lifetime duration (70 years). The 

equation used for the calculation of carcinogenic and noncarcinogenic intakes of ammonia is 

presented in Appendix C.1, Table 4.1,RME.
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A chronic inhalation toxicity criterion (i.e., RfC) for ammonia was obtained from EPA's Integrated 

Risk Information System (IRIS) (USEPA, 2005) and is provided in Appendix C.1, Table 5.2.  

Because ammonia has not been classified as to carcinogenicity by EPA, no carcinogenic 

toxicity criteria were available for use in this evaluation (Appendix C.1, Table 6.2). A toxicity 

profile for ammonia is provided in Appendix E.

Risk estimation is undertaken by combining the toxicity factors and exposure assessment 

equations to calculate estimates of risks.  Non-carcinogenic risks are reported as compound-

specific hazard quotients (HQs) that are summed to provide a total receptor hazard index (HI).  

In general, HIs that are less than 1 are not of regulatory concern; however, a HI of greater than 

1 does not automatically indicate that an adverse effect will occur and should not automatically 

be interpreted as posing an unacceptable risk to the exposed population.

The estimated ammonia HQ for the inhalation pathway is listed for the future car wash worker 

receptor exposed to ammonia in groundwater in Appendix C.1, Table 7.1.  The HQ for the RME 

receptor exceeded the target HI of 1 (HI of 90).  The highest concentrations of ammonia were 

seen in monitoring wells: B1-04, B5-03, W5-05, B8-04, B7-03, and B6-03.  

The above groundwater risk calculations for the future car wash worker receptor exposed to 

ammonia are consistent with EPA’s baseline risk assessment for the Northern Study Area 

presented in the MSGRP RI.

Surface Water

EPA ORD and July 2005 surface water ammonia data for the HBHA Pond were evaluated for 

potential impacts to human health.  Human receptors could potentially contact ammonia in 

surface water while using the HBHA Pond for recreational purposes.  The most likely receptor to 

utilize this area is a teenager (ages 12 to 18).  The teenage recreational user is likely to be 

exposed to contaminants in surface water by dermal contact during wading.  Even though the 

HBHA Pond has surface water of sufficient depth to support swimming, wading is likely to be the 

most common recreational activity.  Ingestion of surface water is not quantitatively evaluated for 

wading since it is unlikely that teenagers would ingest more than a negligible amount of surface 

water during wading.  Inhalation of ammonia from surface water is assumed to be negligible 

because the levels of this compound released from surface water would be diluted and 
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dispersed into ambient air.  Because wading exposures would allow for contact with only 

shallow surface water (i.e., < 2 feet in depth), shallow surface water data presented in Appendix 

C.2, Table 2 have been considered in this evaluation. 

Due to a lack of oral toxicity values for ammonia that could be adjusted for applicability to the 

dermal route of exposure, ammonia could not be quantitatively evaluated for dermal contact 

hazard.  Instead, ammonia was qualitatively evaluated by comparison of detected 

concentrations in shallow surface water data to a value of 30 mg/L (Appendix C.1, Table 2.2).  

This value is a lifetime health advisory provided in the Drinking Water Standards on Health 

Advisories (USEPA, 2004b) for drinking water exposures and is specifically related to a taste 

threshold.  A safe concentration may be higher than this value.  The maximum detected shallow 

surface water concentration (17.2 mg/L) is below this drinking water value (30 mg/L).  

Therefore, ammonia in shallow surface water was not selected as a human health COPC and 

no further evaluation was conducted for ammonia in surface water.   

Soil

Surface soil samples (0-6 inches) were collected in July 2005 at area RC, representative of the 

approximate location of a potential recreation trail planned by the City of Woburn.  Analytical 

results of metals detected in individual soil samples collected from area RC are presented in 

Appendix C.2, Table 3.  Sampling locations are shown in Figure 2-6.  

Human receptors could potentially contact contaminants in surface soil while using the upland 

areas of the Wells G&H wetland for recreational purposes.  The most likely receptors to utilize 

this area, which is planned for development as recreational space, include adult and young child 

recreational users.  The recreational user is likely to be exposed to contaminants in surface soil 

by incidental ingestion and dermal contact.  Inhalation of metals from surface soil is assumed to 

be negligible because the low levels of airborne particulates would be diluted and dispersed into 

ambient air. 

Surface soil data are summarized in Appendix C.1, Table 2.3.  The soil summary table provides 

the frequency of detection, range of detection limits, range of detected concentrations, and 

location of maximum detected result for each detected metal.  Because hexavalent chromium 
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analysis was not performed, total chromium detected in surface soil is conservatively assumed 

to exist as hexavalent chromium. 

The maximum detected concentration of each metal in soil was compared to Region 9 

residential soil PRGs (USEPA, 2004) adjusted to a HQ of 0.1 for noncarcinogens.  The 

comparison of maximum concentrations to PRGs is presented in Appendix C.1, Table 2.3.  

Essential human nutrients that lacked screening criteria (i.e., calcium, magnesium, iron, 

potassium, and sodium) were eliminated prior to the screening process.  Essential nutrients are 

unlikely to cause substantial toxicity at concentrations commonly encountered.  Copper was 

also eliminated since it is abundant in the earth’s crust and unlikely to cause substantial toxicity 

at concentrations commonly encountered.  Since PRGs were not available for lead, the 

maximum detected lead concentration was evaluated relative to the residential soil screening 

level of 400 mg/kg (USEPA, 1994a). 

The maximum detected results for aluminum, antimony, chromium, manganese, and vanadium 

exceeded their respective PRGs and were selected as future surface soil COPCs.  As a 

conservative approach, the maximum detected concentration of each surface soil COPC was 

used as the exposure point concentration in the quantitative evaluation.  The maximum detected 

concentrations are presented in Appendix C.1, Table 3.2.RME.  None of the COPCs identified 

are classified as ingestion or dermal contact carcinogens.  Therefore, carcinogenic risks 

associated with future surface soil exposures were not estimated.  

The exposure parameters for the young child recreational user scenario are shown in Appendix 

C.1, Table 4.2.RME.  Because only non-carcinogenic hazards will be estimated for soil, the 

young child is the most sensitive receptor and provides the most conservative estimate of non-

carcinogenic hazard. Therefore, the adult hazard estimates have not been presented.  For the 

surface soil ingestion pathway, the default RME soil ingestion rate (200 mg/kg; USEPA, 1994b) 

for young child residents was used.  Consistent with the Aberjona River Study human health risk 

assessment, it was assumed that the young child recreational user may visit the RC area and 

engage in activities resulting in surface soil exposure for 3 days per week for the warmest 6 

months of the year (78 days/year).  The fraction of surface soil ingested from the area was 

assumed to be 50%.  Because each of the soil COPCs lacked EPA recommended dermal 

absorption factors, dermal exposures were not assessed.  The default high-end exposure 

duration of 6 years and a 15 kg body weight were used (USEPA, 1994b).  The averaging time 
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for noncarcinogens was set equal to the exposure duration (USEPA, 1989).  The equations 

used for the calculation of non-carcinogenic intakes of metals are presented in Appendix C.1, 

Table 4.2.RME.

The chronic toxicity criteria were obtained from EPA's Integrated Risk Information System (IRIS) 

(USEPA, 2005).  This source lists the most recent toxicity values recommended by USEPA for 

use in human health risk assessments.  In the event that toxicity values for a COPC were not 

available through IRIS, provisional toxicity values were obtained from the Superfund Technical 

Support Center (STSC), a division of USEPA.  Appendix C.1, Table 5.1 summarizes the oral 

non-carcinogenic toxicity values (i.e., RfDs) and the corresponding critical effects for the soil 

COPCs.   As stated previously, no carcinogenic COPCs were identified in surface soil (see 

Appendix C.1, Table 6.1).

The estimated HI for the surface soil ingestion pathway is listed for the future young child 

recreational user exposed to metals in surface soil in Appendix C.1, Table 7.2.  The HI for the 

RME receptor is 0.2, which does not exceed the target HI of 1.  

The above surface soil risk calculations for future recreational receptors exposed to metals are 

consistent with EPA’s baseline risk assessment for the Southern Study Area presented in the 

MSGRP RI.

4.2 Ecological Risk Evaluation 

The ecological risk evaluation includes a quantitative evaluation of EPA ORD and July 2005 

surface water ammonia data.  Other surface water quality parameters measured have not been 

included in this evaluation because: (1) the parameter was not detected (e.g., bromide); (2) 

detected concentrations were significantly below conservative screening criteria (e.g., chloride 

and fluoride); or (3) the parameter is a nutrient/dietary component and is unlikely to be toxic at 

the levels detected (e.g., phosphate and nitrate).

Ammonia is known to be highly toxic to aquatic life including many species of fish and 

invertebrates in fresh water (EPA, 1999).  In natural waters, ammonia primarily exists in two 

forms, un-ionized ammonia (NH3) and ammonium ion (NH4
+), which are in equilibrium with each 

other, and the forms present are dependent on the chemical conditions of the water, particularly 
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pH and temperature.  These speciation relationships are important to ammonia toxicity because 

un-ionized ammonia is much more toxic to aquatic receptors than ammonium ion.  

For the purposes of this report, the evaluation of ecological risk resulting from potential 

exposure to aquatic life was based on the subset of surface water data collected from the HBHA 

Pond.  These data were compared to surface water quality benchmarks to identify potential risk 

to aquatic life in the pond.  

The surface water data collected for HBHA Pond indicate exceedances of the National 

Recommended Water Quality Criteria (NRWQC) for ammonia (EPA, 2002).  The NRWQC for 

ammonia is dependent on pH and temperature (Appendix D).  The NRWQC criteria are based 

on both invertebrates and fish toxicity testing data.  The selected criteria used for HBHA Pond, 

are based on the absence of sensitive fish (trout) in the habitat for the CMC (acute criteria) and 

the absence of fish early life stages for the CCC (chronic criterion).  The CMC represents the 1-

hour average concentration that is not to be exceeded more than once every 3 years, on 

average.  The CCC represents the 30-day average concentration of total ammonia-nitrogen that 

is not to be exceeded more than once every 3 years.  The selected CCC assumes that no early 

life stages of fish are likely to be present.  If the ammonia CCC criteria protective of early-life 

stages of fish were utilized, additional areas of exceedances during lower temperature 

conditions would be identified because below 15 degrees centigrade (°C), the CCC values for 

the category “early-life stages of fish present” are lower than the CCC values calculated for the 

category “early life stages of fish absent” (refer to Appendix D).   

Of the 165 total surface water samples presented, 125 had results for pH, temperature, and 

ammonia, thereby allowing for calculation of and comparison to the criteria concentrations 

(Table 4-1).  Of the 125 samples evaluated, 84 exceeded the CCC and 39 exceeded the CMC. 

The majority of the exceedances occurred in deeper water.  All of the exceedances of the CMC 

(acute criteria) occurred in samples from 4.9 feet or more in depth below the surface.  The 

samples from the northern multi-level (NML) sampler indicated consistent ammonia CCC 

exceedances below a depth of 4 feet for all samples.  At the HBHA Pond outlet, three of the five 

measured ammonia concentrations exceeded the CCC value in May 2000, August 2000, and 

September 2001, with measured ammonia concentrations in the surface water (0.3 feet below 

the surface) ranging from 8 to 17 mg/L (Table 4-1).    
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The EPA ORD and July 2005 surface water data from HBHA Pond indicate that there are 

numerous exceedances of ammonia criteria throughout the pond.  These data indicate a 

potential risk to aquatic life from the exposure to ammonia in HBHA Pond.  

4.3 Impact of Findings on RAOs and PRGs

Based on the results of the human health and ecological risk evaluations presented in Sections 

4.1 and 4.2, ammonia in groundwater was determined to be associated with human health risks 

in excess of risk management guidelines and ammonia in surface water exceeds NRWQCs.  

Therefore, the current RAO for groundwater will be modified to include ammonia as follows:

 Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by meeting 

the associated PRGs for the following scenarios:

 Vapor inhalation of benzene, trichloroethene, naphthalene, 1,2-dichloroethene,       

and ammonia by a car wash worker using groundwater in the car wash

The PRG for ammonia in groundwater, associated with a HQ of 1, is 4 mg/L.  The ammonia 

PRG was calculated using the same methods and assumptions employed for the HQ calculation 

for the car wash worker exposed to ammonia in groundwater. Additional details regarding the 

calculation of the ammonia PRG is provided in Appendix C.3.

The current RAO for surface water will be modified to include ammonia as follows:

 Protect aquatic life from arsenic, benzene, and ammonia above levels indicative of 

impairment or provide alternate habitat in the event that HBHA Pond is used as a 

component of the remedy.  Meet ARARs for the protection of aquatic life.

The NRWQC is the PRG for ammonia in surface water.  Because the NRWQC for ammonia is 

pH and temperature dependent, tables and formulas provided in Appendix D should be used to 

calculate the appropriate value, based on site-specific pH and temperature data.
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5.0 IMPACT OF FINDINGS ON THE JUNE 2005 PROPOSED PLAN

Based on an evaluation of the data presented above, a human health risk above the EPA target 

HI was identified due to elevated concentrations of ammonia in groundwater and an 

unacceptable risk to aquatic life in the HBHA Pond was identified due to the exceedances of the 

NRWQC for ammonia. The RAOs and PRGs for ammonia in both groundwater and surface 

water would be addressed by the current preferred remedial alternatives identified in the June 

2005 Proposed Plan.

The remedial alternatives evaluated in the FS for groundwater included:

 Alternative GW-1: No Action Alternative

 Alternative GW-2: Pond Intercept with Monitoring and Institutional Controls

 Alternative GW-3: Plume Intercept by Groundwater Extraction, Treatment and Discharge 

and Monitoring with Institutional Controls

 Alternative GW-4: Plume Intercept by In-Situ Groundwater Treatment and Monitoring 

with Institutional Controls

With the addition of ammonia as a COC, the technical applicability of Alternative GW-4: Plume 

Intercept by In-Situ Groundwater Treatment and Monitoring with Institutional Controls may be 

further compromised since it is highly uncertain that a reactive wall material exists that is 

effective for removing ammonia  However, Preferred Alternative GW-4 for the West Hide Pile, 

In-situ Enhanced Bioremediation, would reverse observed reducing conditions to oxidizing 

conditions, thereby decreasing ammonia concentrations associated with the West Hide Pile.

Based on the evaluation criteria presented in the FS, the addition of ammonia as a COC does 

not substantially affect the overall evaluation outcome for the groundwater alternatives.

The current preferred groundwater remedy identified in the June 2005 Proposed Plan is

Alternative GW-2 - Pond Intercept with Monitoring and Institutional Controls.  Alternative GW-2 

protects human health by preventing or controlling potential exposures to contaminated 

groundwater through institutional controls.  GW-2 also includes conducting long-term monitoring 

of the groundwater, surface water, and sediments to evaluate the status and migration of 

contaminants and the effectiveness of the remedy.  This alternative, coupled with Alternative 

HBHA-4 -Storm Water Bypass, Sediment Retention, Partial Dredging and Restoration, and 
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Monitoring, also decreases the downstream migration of contaminated groundwater by 

intercepting it at the northern portion of the HBHA Pond where natural attenuation processes 

decrease contaminant concentrations.

Alternative HBHA-4 divides HBHA Pond into two main areas using a system of cofferdams.  The 

southern portion of the HBHA Pond would be dredged to remove contaminated sediments and 

restored.  The northern portion of the Pond would be incorporated into the cleanup plan as a 

sediment retention basin.  It would be used to intercept contaminated groundwater, and 

maintain a chemocline in the surface water to degrade and sequester contaminants in the deep 

portions of the pond (chemocline is a transition layer which separates the more contaminated 

deep surface water from the less contaminated shallow surface water).  Between the first and 

second low-head cofferdams, an aeration treatment system would be designed to further 

decrease contaminants of concern (e.g. precipitation, biological degradation/transformation, 

volatilization).  

The alternatives presented in the June 2005 Proposed Plan will adequately address the risks 

associated with ammonia in groundwater and will address both the human health and ecological 

RAOs.  Similar to arsenic and benzene, the highest concentrations of ammonia would be 

sequestered in the deeper portions of the northern HBHA Pond.  The design of the aeration 

treatment system would further decrease ammonia concentrations by promoting the conversion 

of ammonia to nitrites and nitrates.  Monitoring parameters for Alternatives GW-2 and HBHA-4 

would require modification to include analysis for ammonia in both groundwater and surface 

water, as well as nitrites, nitrates, pH and temperature in surface water. Since the ammonia 

would be concentrated in a smaller area of the HBHA Pond, a pre-design study should be 

conducted to determine the optimum aeration/oxygenation treatment system. In addition, the 

production of ammonia at the West Hide Pile would be decreased due to the oxidized 

conditions. 

Additional pre-design surface water investigations would also be necessary to further evaluate 

ammonia background conditions (e.g. New Boston Street Drainway, Landfill Creek, and the 

East Drainage Ditch, as well as NSTAR ROW Culvert/ Drainage Ditch).
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6.0 SUMMARY

Based upon further evaluation of groundwater and surface conditions and the findings 

presented in this Technical Memorandum, EPA is identifying ammonia as an additional 

contaminant of concern in groundwater and surface water for Industri-plex OU-2. In addition to 

the previously identified contaminants of concerns (e.g. arsenic, benzene) presented in the 

MSGRP RI, high concentrations of ammonia are also present in the contaminated groundwater 

plumes, which migrate and discharge into the HBHA Pond.  These high concentrations of 

ammonia in the groundwater present a human health risk to future commercial workers during 

car wash operations.  High concentrations of ammonia are also present in deep surface water of 

the HBHA Pond, as a result of the contaminated groundwater plumes discharge in the pond.  

Concentrations of ammonia in surface water of the HBHA Pond exceed NRWQC, and 

contribute to unacceptable ecological risks to aquatic life in the pond.  

The fate and transport of ammonia is similar to the fate and transport patterns observed for 

dissolved arsenic groundwater plumes.  The surface water data indicate that the chemocline in 

the HBHA Pond is effectively sequestering the highest concentrations of ammonia at depth.  In 

addition, other natural biological, chemical, and physical attenuation processes are effectively 

decreasing ammonia concentrations in the water column from the deeper portions to the 

shallow depths prior to its discharge from the HBHA Pond.

The addition of ammonia as a contaminant of concern does not alter the preferred remedial 

alternatives identified in the June 2005 Proposed Plan, which would also adequately address 

ammonia concentrations.  Preferred Alternative GW-2 – Pond Intercept and Monitoring with 

Institutional Controls would incorporate ammonia and remain protective; Preferred Alternative 

GW-4 for the West Hide Pile, In-situ Enhanced Bioremediation, would reverse observed 

reducing conditions to oxidizing conditions, thereby reducing ammonia concentrations; and 

Preferred Alternative HBHA-4 would also intercept ammonia plumes, continue to sequester/treat 

contaminants (including ammonia) below the chemocline, and further reduce contaminants 

below NRWQC via an appropriately designed aeration treatment system.  Pre-design 

investigations would include monitoring for ammonia to ensure the cofferdams associated with 

the northern portion of the HBHA Pond are properly located to intercept the contaminated 

groundwater plumes, including ammonia, and the aeration treatment system is appropriately 

designed to reduce contaminants below NRWQC.  Further pre-design studies would be 
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implemented to ensure the aeration treatment system is properly designed, and to further 

evaluate ammonia background conditions. 

EPA also evaluated risks for the soil samples collected between the former production wells 

G&H.  The soil samples were analyzed for heavy metals and the concentrations detected were 

relatively low in all samples. Based on the available data, EPA determined that human health 

risks did not exceed EPA’s risk range, Feasibility Study (FS) Remedial Action Objectives (RAO), 

or FS Preliminary Remediation Goals (PRG) as presented in the FS.

EPA believes that the addition of ammonia as a COC does not substantially affect the overall 

evaluation outcome, or alter the cost, scope, or performance of the alternatives identified in the 

June 2005 FS and Proposed Plan.
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TABLE 2-1
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS

DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5 NA 215 459 248 1500 1670 645 879 70.3 7.4

Alkalinity to pH 8.3 NA 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

Bicarbonate NA 215 459 248 1500 1670 645 879 70.3 7.4

Carbonate (MG/L as Ca) NA 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

Dissolved Organic Carbon 923 NA NA NA NA NA NA NA NA NA

Nitrate 0.070 J 0.072 UJ 0.043 UJ 0.040 UJ 0.11 0.097 J 0.040 U 0.049 UJ 0.040 UJ 0.040 UJ

Nitrite-N 0.050 J 0.034 J 0.041 J 0.075 0.015 U 0.015 U 0.015 U 0.015 U 0.041 J 0.14 J

Nitrogen, Ammonia 2150 13.3 73.0 8.51 270 J 322 J 49.5 J 156 J 2.7 1.87

Sulfate NA 560 420 590 128 196 3.0 U 135 640 570

Total Phosphorus as PO4  water 64.7 0.56 J 0.45 J 0.46 J 1.82 J 2.1 J 1.13 0.25 J 0.74 J 9.33 J

Total Suspended Solids NA 203 24.0 430 155 31.0 126 J 8.4 J 83.0 1200

O'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & Gere
Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None None None NoneNone None None None

39.6 19.32 55.99 45.0643.99 62.41 60.04 55.34

7/16/2001 7/10/2001 8/16/2001 8/16/20018/17/2001 8/17/2001 7/9/2001 7/9/2001

B3-03 B4-03 B4-04 B4-04B2-05 B2-06 B3-02 B3-02

CB3-03-GW-03 CB4-03-GW-03 CB4-04-GW-
01NS

CB4-04-GW-
02NS

CB2-05-GW-
03R

CB2-06-GW-
02NS

CB3-02-GW-
01NS

CB3-02-GW-03

None

Unfiltered
O'Brien & Gere

CB2-05-GW-02

B2-05

8/17/2001

53.1

None

Unfiltered
O'Brien & Gere

CB1-04-GW-
01NS-110701
B1-04

11/7/2001

70.03

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 11

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

177 369 2710 1310 10600 1500 6720 2990 650 12.7

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

177 369 2710 1310 10600 1500 6720 2990 650 12.7

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA NA NA NA NA NA NA NA NA

0.040 U 0.040 U 0.040 U 0.079 J 0.068 UJ 0.040 U 0.059 J 0.040 U 0.040 U 4.63

0.040 J 0.018 J 0.015 U 0.015 U 0.027 J 0.015 U 0.034 J 0.025 J 0.045 J 0.015 U

21.9 16.3 J 720 J 281 J 2710 276 1910 859 27.4 0.13 U

1590 1140 211 197 1.5 U 61.0 J 5.0 2.4 J 15.0 UJ 39.0 J

14.3 3.65 9.58 J 3.8 J 12.3 J 6.65 9.2 29.9 11.8 0.13 U

2020 64.0 J 126 74.0 4.0 J 12.0 712 3.0 U 134 J 7.6 J

O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & Gere
Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None NoneNone None None None

50.77 -0.5336.37 55.41 49.4 39.441.42 54.49 52.19 44.42

7/17/2001 7/17/20018/16/2001 7/18/2001 7/19/2001 7/31/20018/31/2001 7/16/2001 7/9/2001 7/9/2001

B7-01 B7-01B5-03 B6-03 B6-03 B6-03B4-05 B5-01 B5-02 B5-02

CB7-01-GW-01 CB7-01-GW-03CB5-03-GW-03 CB6-03-GW-01 CB6-03-GW-02 CB6-03-GW-03CB4-05-GW-
03NS

CB5-01-GW-01 CB5-02-GW-02 CB5-02-GW-03

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 11

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

653 42.3 616 1330 5070 97.5 106 100 519 7560

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

653 42.3 616 1330 5070 97.5 106 100 519 7560

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA NA NA NA NA NA NA NA NA

0.040 U 0.10 U 0.053 J 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U

0.105 0.051 0.015 U 0.076 0.098 0.015 U 0.015 U 0.015 U 0.040 J 0.062

76.0 J 11.4 J 195 348 1380 4.92 5.3 5.1 73.3 2190

930 520 580 350 3.0 J 287 J 283 J 290 1020 J 2.0 J

0.80 0.31 0.23 3.06 13.9 0.37 0.36 0.36 0.48 49.9

93.0 J 36.0 J 3.0 U 3.0 U 9.6 J 4.0 J 3.0 U 2.8 48.0 J 170 J

O'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere
Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

Field Dup. CB8-
01-GW-01

Field Dup. CB8-
01-GW-01

None
Field Dup. CB8-
04-GW-02NS

None None None
Field Dup. CB8-
01-GW-01

None None

48.32 48.32 -6.18 26.6749.6 34.4 14.6 48.3248.37 39.07

7/17/2001 7/17/2001 7/17/2001 7/24/20017/25/2001 7/25/2001 7/25/2001 7/17/20017/16/2001 7/16/2001

B8-01 B8-01 B8-01 B8-04B7-03 B7-03 B7-03 B8-01B7-02 B7-02

CB8-01-GW-
0199

CB8-01-GW-01-
AVG

CB8-01-GW-03 CB8-04-GW-
02NS

CB7-03-GW-01 CB7-03-GW-
02R

CB7-03-GW-03 CB8-01-GW-01CB7-02-GW-01 CB7-02-GW-02

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

7680 7600 723 2950 929 64.5 51.3 184 1160 NA

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U NA

7680 7600 723 2950 929 64.5 51.3 184 1160 NA

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U NA

NA NA NA NA NA NA NA NA NA NA

0.040 U 0.040 U 2.62 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.096 J

0.016 J 0.039 0.015 U 0.124 0.075 0.026 J 0.019 J 0.019 J 0.119 0.021 J

2280 2200 583 J 891 J 47.0 J 3.52 2.17 0.040 U 12.2 104

1.8 J 1.9 240 980 3550 29.0 52.0 94.0 15.0 U NA

45.3 48.0 1.22 J 0.38 J 0.23 J 0.29 0.15 J 0.17 0.28 0.57

249 J 210 7.6 J 13.0 83.0 3.0 U 3.0 U 10.0 J 148 NA

O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & Gere
Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None None
Field Dup. CB8-
04-GW-02NS

Field Dup. CB8-
04-GW-02NS

None None

55.48 56.2128.09 54.55 45.46 1.4926.67 26.67 45.29 22.59

7/19/2001 7/23/20017/10/2001 7/23/2001 7/23/2001 7/25/20017/24/2001 7/24/2001 7/10/2001 7/10/2001

E4-02 E4-03B9-02 B9-04 B9-05 E3-02B8-04 B8-04 B9-01 B9-01

CE4-02-GW-01 CE4-03-GW-
01NS-072301

CB9-02-GW-02 CB9-04-GW-01 CB9-05-GW-01 CE3-02-GW-03CB8-04-GW-
02NS99

CB8-04-GW-
02NS-AVG

CB9-01-GW-01 CB9-01-GW-03

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

356 342 350 84.1 109 43.5 109 74.4 163 17.9

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

356 342 350 84.1 109 43.5 109 74.4 163 17.9

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA NA NA NA NA NA NA NA NA

0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.51

0.026 J 0.027 J 0.026 0.027 J 0.044 J 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U

0.38 0.46 0.42 0.055 UJ 0.092 UJ 2.5 J 2.54 J 0.63 J 0.24 UJ 0.18 UJ

133 139 140 29.0 J 34.0 J 27.0 530 169 281 36.0

0.81 0.80 0.80 3.29 0.15 J 0.18 0.15 J 0.13 U 0.13 U 0.13 U

12.0 14.0 13.0 931 46.0 118 J 3.6 J 46.0 J 28.0 J 7.2 J

O'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere
Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None None
Field Dup. CE4-
03-GW-03

None None None
Field Dup. CE4-
03-GW-03

Field Dup. CE4-
03-GW-03

15.26 -0.81 -11.51 46.1739.91 20.92 11.62 39.5639.91 39.91

7/12/2001 7/12/2001 7/12/2001 7/11/20017/19/2001 7/18/2001 7/18/2001 7/12/20017/19/2001 7/19/2001

H2-02 H2-04 H2-04 L2-03E4-03 H1-04 H1-04 H2-02E4-03 E4-03

CH2-02-GW-05 CH2-04-GW-05 CH2-04-GW-06 CL2-03-GW-01CE4-03-GW-03-
AVG

CH1-04-GW-04 CH1-04-GW-
05R

CH2-02-GW-02CE4-03-GW-03 CE4-03-GW-
0399

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

29.9 30.1 30.0 77.7 74.0 114 448 454 450 479

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

29.9 30.1 30.0 77.7 74.0 114 448 454 450 479

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA NA NA NA NA NA NA NA NA

0.39 0.39 0.39 0.040 U 0.92 0.040 U 0.068 UJ 0.069 UJ 0.068 UJ 0.20 U

0.034 J 0.015 J 0.024 0.090 0.015 U 0.020 J 0.10 0.099 0.10 0.277

0.059 UJ 0.19 UJ 0.059 UJ 11.3 J 0.11 UJ 4.0 J 71.3 J 61.5 J 66.0 249

27.0 30.0 29.0 15.0 U 41.0 323 1700 1700 1700 3210

0.85 J 0.18 J 0.52 0.45 J 0.13 U 0.45 0.95 0.74 0.84 0.35

341 261 300 167 3.0 U 8.4 J 86.0 J 62.0 J 74.0 200 J

O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & Gere
Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

Field Dup. CW5-
03-GW-02R

NoneNone None
Field Dup. CW5-
03-GW-02R

Field Dup. CW5-
03-GW-02R

Field Dup. CL2-
03-GW-02

Field Dup. CL2-
03-GW-02

Field Dup. CL2-
03-GW-02

None

22.35 -2.1525.87 47.15 22.35 22.3535.27 35.27 35.27 45.67

7/13/2001 7/23/20017/11/2001 7/13/2001 7/13/2001 7/13/20017/11/2001 7/11/2001 7/11/2001 7/11/2001

W5-03 W5-03L2-05 W5-03 W5-03 W5-03L2-03 L2-03 L2-03 L2-05

CW5-03-GW-
02R-AVG

CW5-03-GW-
03NS

CL2-05-GW-03 CW5-03-GW-01 CW5-03-GW-
02R

CW5-03-GW-
02R99

CL2-03-GW-02 CL2-03-GW-
0299

CL2-03-GW-02-
AVG

CL2-05-GW-
01NS

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

10400 4430 45.8 102 245 201 450 177 61.9 55.8

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

10400 4430 45.8 102 245 201 450 177 61.9 55.8

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA NA NA NA NA NA NA NA NA

0.13 U 0.29 U 0.040 U 0.30 0.86 2.25 5.36 4.23 2.84 0.040 U

0.057 0.037 J 0.021 J 0.015 UJ 0.112 0.015 UJ 0.015 U 0.015 U 0.015 U 0.033 J

2370 J 616 J 1.4 1.97 1.42 0.11 U 0.040 U 0.040 U 0.049 J 0.043 J

23.3 2030 18.2 8.3 36.0 34.3 97.0 61.0 39.0 57.0

0.60 0.93 0.13 U 0.13 J 0.43 0.13 U 0.25 J 0.59 0.13 U 0.38

6.8 J 33.0 J 6.8 J 3.0 U 20.0 9.6 J 24.0 187 3.0 U 15.0

O'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere
Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None
Field Dup. P1-
01-GW-05R

None None None NoneNone None

31.35 24.02 13.45 3.3552.39 45.62 42.35 36.3225.03 6.18

5/25/2001 7/20/2001 7/27/2001 8/1/20017/30/2001 4/12/2001 7/27/2001 4/12/20017/13/2001 7/13/2001

P1-01 P1-01 P1-01 P1-01W5-08 P1-01 P1-01 P1-01W5-05 W5-05

P1-01-GW-02R P1-01-GW-03R P1-01-GW-04R P1-01-GW-05RCW5-08-GW-01 P1-01-GW-01-
041201

P1-01-GW-01R P1-01-GW-02CW5-05-GW-
02R

CW5-05-GW-03

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

58.4 57.0 61.7 33.8 64.9 235 76.6 45.3 158 160

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

58.4 57.0 61.7 33.8 64.9 235 76.6 45.3 158 160

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA 14.2 5.4 U 7.2 U NA NA NA NA NA

0.040 U 0.040 U 0.040 U 0.16 0.20 U 0.040 U 0.040 U 0.040 U 0.047 J 0.040 U

0.034 J 0.034 0.034 J 0.015 U 0.015 U 0.021 J 0.015 U 0.015 U 0.015 U 0.015 U

0.059 J 0.051 0.30 0.16 0.27 8.7 19.5 8.02 0.28 0.28

56.0 57.0 2400 UJ 48.0 UJ 75.0 U 49.0 39.0 37.0 38.0 37.0

0.37 0.38 364 26.2 36.2 1.17 0.59 J 0.27 0.17 0.23

20.0 18.0 211000 480 2270 J 269 104 10.8 J 14.0 J 16.0 J

O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & Gere
Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

Field Dup. P1-
02-GW-04

Field Dup. P1-
02-GW-04

None None None None
Field Dup. P1-
01-GW-05R

Field Dup. P1-
01-GW-05R

None None

5.72 5.72-26.65 43.74 24.22 13.523.35 3.35 -5.15 -15.65

7/30/2001 7/30/200111/13/2001 7/20/2001 5/25/2001 7/20/20018/1/2001 8/1/2001 11/7/2001 11/12/2001

P1-02 P1-02P1-01 P1-02 P1-02 P1-02P1-01 P1-01 P1-01 P1-01

P1-02-GW-04 P1-02-GW-0499P1-01-GW-
08NS-111301

P1-02-GW-01 P1-02-GW-02 P1-02-GW-03P1-01-GW-
05R99

P1-01-GW-05R-
AVG

P1-01-GW-
06NS-110701

P1-01-GW-07NS

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

160 147 148 134 40.3 57.0 57.6 132 85.1 93.7

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

160 147 148 134 40.3 57.0 57.6 132 85.1 93.7

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA 5.3 U 5.9 U 6.6 U NA NA NA NA NA NA

0.034 0.040 U 0.040 U 0.040 U 3.88 6.64 0.040 U 0.040 U 0.040 U 0.040 U

0.015 U 0.037 J 0.028 J 0.043 J 0.025 J 0.015 U 0.015 UJ 0.015 UJ 0.020 J 0.015 UJ

0.28 1.13 1.15 0.24 0.087 UJ 0.079 UJ 0.30 U 0.11 U 0.74 0.38

38.0 1400 UJ 2200 UJ 50.0 U 43.0 86.0 37.0 56.0 160 1500 J

0.20 273 196 15.8 0.13 U 0.25 J 0.71 0.35 9.6 121

15.0 145000 J 542000 1910 J 22.0 30.0 U 155 80.0 J 18700 826000

O'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere
Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None NoneNone None None None
Field Dup. P1-
02-GW-04

None

29.2 18.7 9.8 -0.3-14.78 -22.28 46.8 40.25.72 -4.78

4/26/2001 4/26/2001 5/16/2001 5/16/200111/6/2001 11/8/2001 4/20/2001 4/20/20017/30/2001 11/5/2001

P1-03 P1-03 P1-03 P1-03P1-02 P1-02 P1-03 P1-03P1-02 P1-02

P1-03-GW-03 P1-03-GW-04 P1-03-GW-
05NS

P1-03-GW-
06NS-051601

P1-02-GW-
06NS-110601

P1-02-GW-
07NS

P1-03-GW-01 P1-03-GW-02P1-02-GW-04-
AVG

P1-02-GW-
05NS-110501

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

13.8 119 119 120 48.0 59.0 40.2 91.3 96.9 62.0

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

13.8 119 119 120 48.0 59.0 40.2 91.3 96.9 62.0

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U

NA NA NA NA NA NA NA NA NA NA

0.64 0.15 0.15 0.15 7.87 1.05 2.54 0.24 0.042 J 0.29

0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.027 J 0.028 J

0.34 1.81 1.83 1.8 0.072 UJ 0.065 UJ 0.22 U 1.46 1.86 0.16 U

18.2 47.0 49.0 48.0 21.0 35.0 41.0 28.4 25.0 33.0

0.20 J 0.13 U 0.13 U 0.13 U 0.13 U 0.51 J 0.13 U 0.13 U 0.13 U 26.4

26.0 6.0 J 5.2 J 5.6 3.2 J 159 3.0 U 3.0 U 3.0 U 4960

O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & Gere
Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None NoneNone
Field Dup. P1-
04-GW-02

Field Dup. P1-
04-GW-02

Field Dup. P1-
04-GW-02

24.66 12.0635.94 23.84 39.76 30.6654.84 44.84 44.84 44.84

4/25/2001 4/26/20014/24/2001 4/24/2001 4/19/2001 4/19/20014/20/2001 4/20/2001 4/20/2001 4/20/2001

P1-05 P1-05P1-04 P1-04 P1-05 P1-05P1-04 P1-04 P1-04 P1-04

P1-05-GW-03 P1-05-GW-
04NS

P1-04-GW-03 P1-04-GW-04 P1-05-GW-01 P1-05-GW-02P1-04-GW-01 P1-04-GW-02 P1-04-GW-0299 P1-04-GW-02-
AVG

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-1 (cont.)
GROUNDWATER WET CHEMISTRY ANALYTICAL RESULTS
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 11 OF 11

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis (MG/L)

Alkalinity to pH 4.5

Alkalinity to pH 8.3

Bicarbonate

Carbonate (MG/L as Ca)

Dissolved Organic Carbon

Nitrate

Nitrite-N

Nitrogen, Ammonia

Sulfate

Total Phosphorus as PO4  water

Total Suspended Solids

94.8 24.0 41.9 14.5 53.2 34.3 35.4 35.0 46.3 NA

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U NA

94.8 24.0 41.9 14.5 53.2 34.3 35.4 35.0 46.3 NA

0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U 0.41 U NA

NA NA NA NA NA NA NA NA NA NA

1.5 3.06 5.65 3.98 3.07 1.68 1.64 1.7 0.63 NA

0.038 J 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.015 U 0.026 J NA

0.071 UJ 0.042 UJ 0.072 UJ 0.39 0.088 UJ 0.053 UJ 0.052 UJ 0.053 UJ 0.085 UJ 0.078 J

30.0 76.0 31.0 11.7 19.4 31.0 17.5 24.0 16.0 NA

0.37 0.13 U 0.14 J 0.13 U 0.13 U 0.13 U 0.13 U 0.13 U 0.22 70.0

52.0 J 3.0 U 35.0 18.0 5.6 J 5.2 J 3.6 J 4.4 32.0 J NA

O'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere O'Brien & Gere O'Brien & GereO'Brien & Gere O'Brien & Gere
Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

Field Dup. P1-
07-GW-01

Field Dup. P1-
07-GW-01

None NoneNone None None
Field Dup. P1-
07-GW-01

None None

49.82 49.82 41.82 33.3240.62 31.12 21.12 49.82-1.34 48.12

4/18/2001 4/18/2001 4/30/2001 7/31/20014/13/2001 4/13/2001 4/13/2001 4/18/20014/30/2001 4/13/2001

P1-07 P1-07 P1-07 P1-07P1-06 P1-06 P1-06 P1-07P1-05 P1-06

P1-07-GW-0199 P1-07-GW-01-
AVG

P1-07-GW-02 P1-07-GW-
03NS-073101

P1-06-GW-02 P1-06-GW-03 P1-06-GW-04 P1-07-GW-01P1-05-GW-05 P1-06-GW-01

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA

DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis Units

Alkalinity MG/L AS CA NM NM 1035 273 159 431 NM 233 452 738 409

Conductivity MS/CM 3470 NM 2870 2090 818 1345 NM NM 1330 2270 1656

DO(Chemet) MG/L NA NA NA 0.30 0.30 0.040 NA NA NA 0.10 0.20

DO(electrode) MG/L NA NA 0.29 0.55 0.36 0.14 NA NA 0.14 0.20 0.19

Ferrous Iron MG/L NM NM 16.4 2.91 2.93 2.14 5.35 2.27 2.54 1.69 1.16

Nitrogen, Ammonia MG/L 63.7 22.4 79.3 1.9 1.6 18.8 6.0 1.5 3.4 8.6 3.5

ORP MV -140 NA -119.1 -39.5 -55.7 -140.1 NA NA -137.2 -148.1 -7.1

pH S.U. 6.62 NM 6.7 6.61 6.66 6.92 NM NM 6.72 7.27 6.26

Temperature °C NR NR NR NR NR NR NR NR NR NR NR

Turbidity NTU > NM 77.0 78.0 43.0 40.0 NM NM 5.1 20.9 101

Robert Ford 
(EPA)

Unfiltered

A01-1-101499

A01

10/14/1999

53.58

None

A01-2-101599 A02-1-101499 A03-1-101599 A03-2-101599 A04-1-101599 A04-2-101599 A04-3-101599 A05-1-101599 A06-1-101899 A06-2-101899

A01 A02 A03 A03 A04 A04 A04 A05 A06 A06

10/15/1999 10/14/1999 10/15/1999 10/15/1999 10/15/1999 10/15/1999 10/15/1999 10/15/1999 10/18/1999 10/18/1999

44.58 61.2 65.13 55.13 59.21 49.46 41.71 65.25 62.19 52.19

None None None None None None None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

194 148 79.0 240 1500 43.0 184 144 6460 302 6350 2100

854 974 296 730 5560 308 NM 5250 13220 1046 11620 11220

0.040 NA 0.40 0.020 NA 0.30 NA 0.35 0.35 0.40 0.10 0.50

0.58 0.63 0.53 0.92 NA 0.34 NA 0.34 0.050 0.25 0.19 0.060

1.73 1.49 2.89 1.75 8.551 0.84 2.551 1.93 1.56 1.43 0.41 1.48

0.80 0.20 0.90 1.3 96.4 0.80 10.7 235.7 810.1 8.8 709.3 77.7

14.4 -83.7 -33.6 -47.3 -116.5 40.3 NA -195 -260 -76.7 -155.4 -73.8

6.03 6.39 6.72 6.57 7.07 6.14 NM 7.14 7.51 6.68 7.8 7.79

NR NR 7.5 8.1 NR NR 11.4 11.1 11.6 NR NR NR

7.0 201 2.9 75.3 > 6.5 NM 7.3 8.9 2.5 50.0 46.1

A07-1-101899 A07-2-101899 A08-1-101999 A08-2-101999 A08-3-101999 A09-1-101999 A09-2-101999 A10-2-102099 A10-3-102099 A11-1-102099 A11-2-102099 A11-3-102099

A07 A07 A08 A08 A08 A09 A09 A10 A10 A11 A11 A11

10/18/1999 10/18/1999 10/19/1999 10/19/1999 10/19/1999 10/19/1999 10/19/1999 10/20/1999 10/20/1999 10/20/1999 10/20/1999 10/20/1999

64.17 54.17 47.58 37.58 17.58 43.55 33.55 35.99 25.99 45.49 35.49 25.49

None None None None None None None None None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

236 404 456 65.0 12080 NM 130 53.0 130 88.0 NM

1456 3310 3590 242 21500 NM 524 628 428 880 264

0.15 0.15 0.10 0.15 0.10 NA 0.15 0.50 NA NA NA

NA 0.13 0.020 0.42 0.040 NA 0.39 1.56 0.080 0.10 0.99

1.99 126 15.1 1.24 0.80 NM 8.75 3.6 12.2 2.1 12.8

16.3 14.6 18.6 1142.6 1141.8 244.2 3.4 1.2 2.0 0.90 0.80

-34 -116 -102 -18.5 -237.4 NA 1.9 58.4 -430 -470 NA

6.19 6.37 6.58 6.88 8.04 NM 5.56 6.27 6.47 6.21 6.62

12.8 11.9 12.6 NR NR NR 5.2 13.0 11.9 12.4 13.4

27.7 195 52.3 9.6 181 NM 2.9 50.4 2.2 2.5 3.4

A12-1-102099 A12-2-102199 A12-3-102199 A13-1-102099 A13-2-102099 A13-4-102099 A14-1-113099 A18-1-120299 A20-1-032800 A20-2-032800 A21-1-033000

A12 A12 A12 A13 A13 A13 A14 A18 A20 A20 A21

10/20/1999 10/21/1999 10/21/1999 10/20/1999 10/20/1999 10/20/1999 11/30/1999 12/2/1999 3/28/2000 3/28/2000 3/30/2000

45.44 35.44 25.44 48.49 38.49 10.99 54.75 30 44 39 65.07

None None None None None None None
Field Dup. A18-
1-120299

None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

NM 44.0 240 ND 48.0 50.0 4160 5360 5948 7628 7308

1464 1315 1112 1327 NM NM 12660 13410 13430 14820 14770

0.20 0.30 0.20 0.40 NA 7.0 NA 0.30 0.60 0.20 NA

0.22 3.38 0.68 0.24 NA NA 0.11 0.27 0.020 4.88 0.18

3.0 15.5 18.4 13.5 21.5 0.035 U NM 30.75 12.5 2.35 5.3

77.7 9.8 31.7 2.2 2.2 0.10 874 1090 1065 897 1380

NA 125.6 25.7 141.8 NA 95.0 -161 -149.9 -214 -273 -187

6.88 5.53 6.24 4.64 NM 7.14 ND 7.02 7.26 7.26 7.37

10.2 13.5 11.8 13.7 NM 11.1 11.1 7.4 14.1 20.7 23.7

6.3 2.8 4.7 ND NM NM 6.2 1.6 1.9 2.2 2.7

A21-2-033000 A22-1-033100 A22-2-033100 A23-1-033100 A23-2-040300 Atlantic Ave. 
Drainway-

TW01-032900 TW01-040301 TW01-051700 TW01-082300 TW01-091101

A21 A22 A22 A23 A23
Atlantic Ave. 
Drainway

TW01 TW01 TW01 TW01 TW01

3/30/2000 3/31/2000 3/31/2000 3/31/2000 4/3/2000 4/5/2000 3/29/2000 4/3/2001 5/17/2000 8/23/2000 9/11/2001

57.07 64.38 59.38 64.28 57.28 39

None None None None None None None None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 5 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

4080 4030 4530 4440 4072 206 210 210 24.0 122 94.0

8410 9200 8850 9170 8630 1266 1191 989 2240 2140 2110

NA 0.30 0.10 0.10 0.30 0.60 0.80 NA NA NA NA

0.40 0.11 0.020 0.39 0.14 0.54 0.46 0.46 0.69 1.19 0.18

0.10 0.080 0.15 0.11 0.14 ND 0.080 0.030 11.2 3.06 19.6

1110 1260 1191 1170 1180 37.9 41.3 37.9 2.5 1.9 2.5

-137.6 -277.1 -265 -314.6 -234 267 168.5 NA 22.0 -13 -17

7.67 7.56 7.72 7.44 7.39 6.06 5.95 5.97 5.94 6.73 6.19

8.6 8.1 16.8 17.9 21.8 13.8 16.6 21.4 10.9 7.5 15.4

2.0 2.6 1.3 1.2 2.0 1.4 1.0 3.7 0.90 1.4 0.40

TW02-032901 TW02-040600 TW02-051600 TW02-082300 TW02-091101 TW03-032900 TW03-051600 TW03-082200 TW04-032900 TW04-032901 TW04-051600

TW02 TW02 TW02 TW02 TW02 TW03 TW03 TW03 TW04 TW04 TW04

3/29/2001 4/6/2000 5/16/2000 8/23/2000 9/11/2001 3/29/2000 5/16/2000 8/22/2000 3/29/2000 3/29/2001 5/16/2000

34 35 34

None None None None None None None None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 6 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

152 122 69.0 74.0 156 67.0 76.0 NM 37.5 22.0 32.0

2230 2170 6180 7000 6530 477 578 430 136 921 944

NA NA 0.60 0.60 NA NA 0.80 0.30 0.80 0.30 0.20

0.85 0.87 0.39 0.70 0.54 0.97 0.17 0.25 2.07 1.12 0.15

2.44 25.2 158.75 148 100.5 0.60 0.48 NA 0.010 1.48 1.37

2.3 11.7 8.0 8.2 8.5 0.50 1.0 1.2 1.3 7.4 8.4

-243.5 -114 100 -162.3 70.2 130.8 130.8 271 260 210.1 195

6.13 6.13 5.22 5.12 5.64 6.44 6.15 5.83 5.83 5.04 5.25

18.7 22.8 14.1 18.9 19.7 13.1 21.9 14.1 20.5 9.8 13.7

0.80 1.0 2.0 1.5 1.0 31.0 10.2 0.30 1.7 35.1 0.70

TW04-082300 TW04-091101 TW05-051700 TW05-082300 TW05-091301 TW06-1-040500 TW06-1-082200 TW06-2-051600 TW06-2-082200 TW06-3-040500 TW06-3-051600

TW04 TW04 TW05 TW05 TW05 TW06 TW06 TW06 TW06 TW06 TW06

8/23/2000 9/11/2001 5/17/2000 8/23/2000 9/13/2001 4/5/2000 8/22/2000 5/16/2000 8/22/2000 4/5/2000 5/16/2000

37 43.8 33.55

None None None None
Field Dup. TW05-
091301

None None None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 7 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

32.4 136 142 126 68.0 106 188 114 122 208 220

1019 1172 1151 1283 1374 1101 570 1293 940 1246 749

0.80 0.40 0.060 NA 0.10 NA 0.30 0.10 0.10 0.050 NA

NA 0.83 0.28 0.31 0.66 0.86 0.73 0.19 0.060 0.40 0.80

0.31 25.5 16.6 17.0 14.1 15.9 14.0 16.1 15.6 29.5 47.5

9.0 5.2 5.6 4.9 5.3 7.4 7.2 4.1 5.5 5.7 27.5

224.5 54.2 44.2 9.1 -225.3 56.0 38.0 86.1 -24.5 -258.8 -33.6

5.21 5.99 6.16 5.72 5.9 5.65 6.23 5.9 5.82 6.07 5.9

18.6 8.5 13.1 16.0 15.7 17.6 7.6 12.0 13.8 17.1 18.8

1.3 1.0 1.1 5.0 1.7 3.7 1.73 0.70 2.0 0.90 0.60

TW06-3-082200 TW07-1-032901 TW07-1-040400 TW07-1-051600 TW07-1-082300 TW07-1-091101 TW07-2-032901 TW07-2-040500 TW07-2-051600 TW07-2-082300 TW07-2-091101

TW06 TW07 TW07 TW07 TW07 TW07 TW07 TW07 TW07 TW07 TW07

8/22/2000 3/29/2001 4/4/2000 5/16/2000 8/23/2000 9/11/2001 3/29/2001 4/5/2000 5/16/2000 8/23/2000 9/11/2001

43.74 40.99

None
Field Dup. 
TW07-1-032901

None None None
Field Dup. TW07-
1-091101

None None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 8 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

184 170 146 72.0 122 1292 2735 3060 284 2592 3.0

1919 2150 2130 2220 2270 3260 6.2 6240 6600 5730 58.0

0.10 0.050 0.40 0.050 NA 0.40 0.40 0.30 NA 0.30 NA

0.80 0.17 0.28 0.40 0.40 0.74 0.35 0.080 0.29 0.20 7.08

57.0 26.6 27.2 21.1 12.9 0.28 0.28 0.36 0.32 1.57 0.020

18.2 14.9 16.5 19.3 8.7 405 722 851 916 797 2.4

7.9 -218.9 -53.1 -238.9 -62.9 -62.8 -262.7 -215.6 -287 -302.6 293.1

6.14 6.03 5.86 6.04 5.73 8.02 8.02 7.82 7.8 7.66 5.33

9.7 11.8 15.3 15.6 17.8 8.3 6.7 15.5 20.6 21.3 14.3

1.48 1.6 3.0 1.5 1.5 1.25 13.4 5.0 2.9 0.80 1.0

TW07-3-032901 TW07-3-040500 TW07-3-051600 TW07-3-082300 TW07-3-091101 TW08-1-040301 TW08-1-040600 TW08-1-051700 TW08-1-082300 TW08-1-091001 TW08-2-051700

TW07 TW07 TW07 TW07 TW07 TW08 TW08 TW08 TW08 TW08 TW08

3/29/2001 4/5/2000 5/16/2000 8/23/2000 9/11/2001 4/3/2001 4/6/2000 5/17/2000 8/23/2000 9/10/2001 5/17/2000

35.99 47.5

None None None None
Field Dup. TW07-
3-091101

None None None None
Field Dup. 
TW08-1-091001

None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.
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NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

3448 2540 3232 3496 3418 33.0 134 110 156 178 204

11840 11070 11160 11530 11820 210 474 400 446 1362 1504

0.20 0.30 0.30 0.60 0.20 0.40 0.20 0.20 0.30 0.20 0.30

0.29 0.22 0.16 25.1 0.54 0.42 0.13 11.22 0.64 0.61 0.27

25.4 2.41 26.4 27.5 23.1 2.42 3.14 4.0 4.2 21.4 14.2

303 229 220 276 365 0.90 2.3 2.0 0.40 18.0 26.8

-156.1 -196.3 -204.9 -154 -105.9 -24.1 -212.2 -281.5 -139.5 21.3 -107.3

6.73 6.7 6.63 6.78 6.78 6.72 6.65 6.45 6.67 6.38 6.12

9.8 8.1 15.9 22.1 21.3 4.2 14.8 22.0 21.5 4.9 15.4

4.8 97.0 29.0 8.1 7.0 2.5 29.1 0.50 0.40 12.5 37.0

TW08-3-040301 TW08-3-040600 TW08-3-051700 TW08-3-082300 TW08-3-091001 TW10-1-040201 TW10-1-051600 TW10-1-082200 TW10-1-091201 TW10-2-040201 TW10-2-051600

TW08 TW08 TW08 TW08 TW08 TW10 TW10 TW10 TW10 TW10 TW10

4/3/2001 4/6/2000 5/17/2000 8/23/2000 9/10/2001 4/2/2001 5/16/2000 8/22/2000 9/12/2001 4/2/2001 5/16/2000

38 54.17 49.17

None None None None None None None None
Field Dup. 
TW10-1-091201

None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-2 (cont.)
NATURAL ATTENUATION STUDY - GROUNDWATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

210 204 260 272 288 208 77.0 170 126 56.0

1523 1445 1673 1705 1740 1624 968 1002 1054 686

0.60 0.20 0.40 0.20 0.40 0.40 0.20 0.050 0.20 NA

5.04 0.25 0.68 0.18 6.69 0.33 0.60 0.14 0.22 0.21

11.3 20.9 21.0 15.5 13.6 20.4 0.43 3.3 0.58 2.9

24.8 27.4 31.4 35.2 34.8 33.8 1.5 0.10 0.20 1.5

-253.7 -119 -133.6 -117.9 -285.1 -104.1 153 -302 -249 -273

6.04 6.25 6.46 6.24 6.26 6.25 6.14 6.28 6.25 6.28

20.8 21.2 6.6 16.2 19.0 22.2 17.7 20.1 20.1 22.4

1.6 1.8 3.4 9.0 1.8 5.4 14.6 35.2 6.7 6.0

TW10-2-082200 TW10-2-091201 TW10-3-040201 TW10-3-051600 TW10-3-082200 TW10-3-091201 TW11-083000 TW12-1-083000 TW12-2-083000 TW13-083000

TW10 TW10 TW10 TW10 TW10 TW10 TW11 TW12 TW12 TW13

8/22/2000 9/12/2001 4/2/2001 5/16/2000 8/22/2000 9/12/2001 8/30/2000 8/30/2000 8/30/2000 8/30/2000

44.17 45.5 45.5 40.5 45.5

None
Field Dup. TW10-
2-091201

None None None
Field Dup. 
TW10-3-091201

None None None None

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-3
NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA

DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis Units

Alkalinity MG/L AS CA NA NA NA 64.0 NM 78.8 106 66.2 80.0

Conductivity MS/CM NA NA NA 383 668 555 548 593 320

DO(Chemet) MG/L NA NA NA 6.8 6.5 NA 4.0 NA 6.1

DO(electrode) MG/L NA NA NA 11.5 NA 7.74 4.03 6.63 NA

Ferrous Iron MG/L NA NA NA 0.504 0.272 0.914 NM 0.176 0.727

Nitrogen, Ammonia MG/L 2.2 0.70 3.3 5.2 5.5 7.8 7.6 4.1 7.4

ORP MV NA NA NA 273.3 168.9 231 264 353.6 68.1

pH S.U. NA NA NA 7.93 6.86 7.44 7.22 6.97 6.7

Temperature °C NA NA NA 11.5 11.0 14.0 19.4 15.1 12.0

Turbidity NTU NA NA NA NM NM NM 9.6 3.5 NM

Robert Ford (EPA)
Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

None None None None None None None None

0 0

9/20/2004 9/20/2004 4/5/2000 4/5/2001 5/18/2000 8/30/2000 9/16/2001 4/5/2000

Atlantic Ave. 
Drainway

Hall’s Brook Inlet Hall's Brook Inlet Hall's Brook Inlet Hall's Brook Inlet Hall's Brook Inlet Hall's Brook Inlet HBHA Pond 
Outlet

Hall's Brook Inlet-
051800

Hall's Brook Inlet-
083000

Hall's Brook Inlet-
091601

HBHA Pond 
Outlet-040500

Atlantic Ave. 
Drainway-092004

Hall’s Brook Inlet-
092004

Hall's Brook Inlet-
040500

Hall's Brook Inlet-
040501

Atlantic Ave. 
Drainway-040501

Robert Ford (EPA)

Atlantic Ave. 
Drainway

4/5/2001

0

None

Unfiltered

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-3 (cont.)
NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

NM 81.6 NM 115.6 NA 45.2 74.0 136 132 84.0

710 544 760 799 NA 574 419 619 793 275

5.5 NA NA NA NA 4.0 NA NA NA 3.0

NA 7.67 5.38 7.6 NA NA 7.2 3.13 6.4 3.24

1.4 1.317 0.069 0.117 NA 0.20 0.25 0.010 0.020 NA

6.9 8.0 16.0 17.2 4.0 5.3 7.3 15.2 17.9 9.34

78.6 216 277 374.7 NA 177.1 47.1 35.8 217.8 80.0

6.76 7.14 6.95 6.73 NA 5.23 6.98 7.39 6.56 6.31

10.9 16.0 22.6 21.6 NA 4.5 11.46 19.23 16.3 7.08

NM NM 9.4 9.1 NA 4.3 7.8 11.5 9.5 8.2

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None
Field Dup. 
WC100-113099

None None None NoneNone None None None

0

9/17/2001 11/30/19999/20/2004 4/2/2001 4/4/2000 8/25/20004/5/2001 5/18/2000 8/30/2000 9/16/2001

WC100 WC100HBHA Pond 
Outlet

WC100 WC100 WC100HBHA Pond 
Outlet

HBHA Pond 
Outlet

HBHA Pond 
Outlet

HBHA Pond 
Outlet

WC100-091701 WC100-113099HBHA Pond 
Outlet-092004

WC100-040201 WC100-040400 WC100-082500HBHA Pond 
Outlet-040501

HBHA Pond 
Outlet-051800

HBHA Pond 
Outlet-083000

HBHA Pond 
Outlet-091601

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-3 (cont.)
NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

45.8 72.0 264 266 72.0 44.0 90.0 748 512 236

493 419 1071 1203 276 505 438 2054 1959 688

4.0 NA NA NA 3.0 4.0 NA NA 0.10 1.0

NA 6.4 4.6 1.25 3.07 NA 4.7 0.14 1.89 1.05

0.10 0.35 0.030 7.4 NA 0.10 0.85 17.4 21.0 0.010

4.8 7.3 44.0 44.8 9.86 5.1 24.1 61.0 79.6 33.6

149.9 49.1 -13.1 65.5 80.4 73.5 45.9 -106.9 -56 52.3

5.03 6.97 7.35 6.33 6.32 5.82 6.81 7.76 6.42 6.12

4.8 11.52 17.74 16.5 7.11 4.9 11.05 15.23 16.5 8.05

4.0 7.9 27.9 44.9 8.2 4.0 17.2 110 13.5 8.1

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None
Field Dup. 
WC200-113099

None None None NoneNone
Field Dup. 
WC150-040400

4/4/2000 8/25/2000 9/17/2001 11/30/19998/25/2000 9/17/2001 11/30/1999 4/2/20014/2/2001 4/4/2000

WC200 WC200 WC200 WC200WC150 WC150 WC150 WC200WC150 WC150

WC200-040400 WC200-082500 WC200-091701 WC200-113099WC150-082500 WC150-091701 WC150-113099 WC200-040201WC150-040201 WC150-040400

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-3 (cont.)
NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

47.6 150 832 750 194 45.6 902 46.2 66.0 142

486 693 2462 2644 901 474 3075 640 418 592

4.0 NA 0.20 NA NA 3.5 NA 4.0 NA NA

NA 2.9 0.10 1.98 0.50 NA 2.0 NA 7.0 4.33

0.10 1.3 45.4 46.25 1.2 0.20 54.25 0.20 0.45 0.010

5.1 8.0 119 115 27.3 5.2 151 5.0 7.6 14.8

45.0 48.3 -159 -128.9 20.5 31.1 -151.5 155.7 48.2 44.1

6.29 6.5 8.02 6.6 6.58 6.53 6.57 5.1 7.03 7.52

4.8 9.95 15.23 16.0 9.95 4.9 15.7 4.0 11.39 22.26

4.0 32.7 43.3 13.5 22.7 4.3 13.2 4.3 9.7 16.8

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None NoneNone None None None

4/4/2000 8/25/20004/4/2000 4/2/2001 9/17/2001 4/2/20014/2/2001 4/4/2000 8/25/2000 9/17/2001

WC50 WC50WC275 WC300 WC300 WC50WC250 WC250 WC250 WC250

WC50-040400 WC50-082500WC275-040400 WC300-040201 WC300-091701 WC50-040201WC250-040201 WC250-040400 WC250-082500 WC250-091701

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.
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NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

100 72.0 52.7 78.0 141 70.0 53.7 80.0 128 130

785 274 740 413 644 279 758 415 832 331

NA 3.0 4.0 NA NA 3.0 5.0 NA NA 3.0

6.93 3.29 NA 7.0 2.77 3.58 NA 6.8 2.01 2.89

0.010 0.030 0.60 0.45 0.99 0.020 0.60 0.65 2.16 NA

16.4 9.36 5.5 7.4 14.7 9.87 6.0 7.5 15.5 17.0

219.4 80.4 76.2 132.3 33.3 103.2 75.7 85.1 15.5 101.1

6.58 6.34 6.13 6.95 7.28 6.32 6.16 7.02 7.16 6.22

16.4 7.07 4.1 10.82 18.54 7.14 4.1 10.87 17.76 7.29

8.8 10.2 4.6 9.8 14.5 7.9 4.0 8.1 35.6 16.2

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None NoneNone None None NoneNone None

4/2/2001 4/4/2000 8/25/2000 11/30/19994/2/2001 4/4/2000 8/25/2000 11/30/19999/17/2001 11/30/1999

WN150 WN150 WN150 WN150WN100 WN100 WN100 WN100WC50 WC50

WN150-040201 WN150-040400 WN150-082500 WN150-113099WN100-040201 WN100-040400 WN100-082500 WN100-113099WC50-091701 WC50-113099

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

NM 444 53.7 82.0 682 254 78.0 57.2 1316 55.9

420 1544 758 426 1527 800 452 1255 3590 1340

NA 0.30 4.0 NA 0.20 1.0 NA 4.0 NA 3.0

6.7 0.13 NA 6.7 0.090 1.45 3.5 NA 0.485 NA

0.35 9.7 0.60 0.50 2.12 0.050 0.90 0.80 > 1.0

8.2 68.8 6.4 8.0 132 42.5 8.4 7.0 99.1 6.8

72.3 -66.4 74.6 78.3 -44.6 48.0 48.0 -19.5 -118.2 -36.1

7.04 7.37 6.16 7.05 7.2 6.08 6.96 6.71 7.19 6.46

10.87 15.29 4.1 10.89 14.28 9.44 10.91 4.4 10.83 4.6

8.1 136 4.2 7.7 55.2 47.3 7.8 4.4 5.7 4.7

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None NoneNone None None
Field Dup. 
WN200-040400

4/4/2000 4/2/20018/25/2000 11/30/1999 4/4/2000 4/2/20014/4/2000 8/25/2000 4/2/2001 4/4/2000

WN250 WN270WN200 WN200 WN225 WN250WN175 WN180 WN200 WN200

WN250-040400 WN270-040201WN200-082500 WN200-113099 WN225-040400 WN250-040201WN175-040400 WN180-082500 WN200-040201 WN200-040400

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.
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NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
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INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

2380 360.9 50.5 74.0 168 96.0 47.6 68.0 204 140

7650 2300 623 412 600 275 504 429 875 864

NA 0.40 5.5 NA NA 3.0 4.5 NA NA NA

0.295 NA NA 7.1 3.74 3.72 NA 5.7 0.80 15.08

> 35.0 0.45 0.050 0.14 0.020 0.10 NA 0.030 0.040

597 95.5 5.4 7.4 13.1 9.5 5.1 8.3 31.1 24.0

-199.5 -40.1 104.8 135 59.6 115.2 52.2 45.2 20.5 155.3

7.51 6.5 6.34 6.79 7.12 6.32 6.17 6.87 6.58 6.69

10.44 6.4 4.1 10.83 19.0 7.07 5.3 10.92 19.3 16.8

9.7 39.1 8.2 11.5 11.4 11.4 4.2 9.6 8.1 40.6

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None NoneNone None None None
Field Dup. 
WN300-040400

None

4/2/2001 4/4/2000 8/29/2000 9/17/20014/2/2001 4/4/2000 8/25/2000 11/30/19994/4/2000 4/2/2001

WS100 WS100 WS100 WS100WN50 WN50 WN50 WN50WN300 WN310

WS100-040201 WS100-040400 WS100-082900 WS100-091701WN50-040201 WN50-040400 WN50-082500 WN50-113099WN300-040400 WN310-040201

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.
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NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
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Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

NA 110 46.4 78.0 370 178 NA 92.0 46.0 82.0

NA 275 491 439 1190 980 NA 275 481 452

NA 3.0 4.0 NA NA 0.30 NA NA 4.0 NA

NA 3.15 NA 5.8 2.12 3.01 NA 2.76 NA 5.3

NA 0.010 0.10 NA 0.040 0.16 NA NA 0.10 0.25

2.2 9.54 5.1 8.8 60.3 38.0 2.4 9.57 5.1 9.1

NA 79.8 37.3 50.4 11.7 139 NA 80.2 25.3 55.1

6.28 6.3 6.43 6.78 6.61 6.37 6.18 6.29 6.63 6.7

15.9 6.99 5.2 10.78 18.57 16.4 14.19 7.01 5.4 10.4

NA 9.9 4.2 7.7 8.0 56.3 NA 9.0 4.2 12.0

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None NoneNone None None None

00

4/2/2001 4/4/20008/29/2000 9/17/2001 9/20/2004 11/30/19999/20/2004 11/30/1999 4/2/2001 4/4/2000

WS200 WS200WS150 WS150 WS150 WS150WS100 WS100 WS150 WS150

WS200-040201 WS200-040400WS150-082900 WS150-091701 WS150-092004 WS150-113099WS100-092004 WS100-113099 WS150-040201 WS150-040400

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-3 (cont.)
NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 9 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

708 524 NA 836 47.0 134 706 45.6 1500 822

2209 2112 NA 2483 489 696 2537 489 2333 2798

0.20 0.10 NA 0.20 3.5 NA 0.10 3.5 NA 0.050

0.12 1.04 NA 0.27 NA 0.71 1.7 NA 0.21 1.66

15.3 27.2 NA 38.5 0.10 NA 60.5 0.10 NM 74.0

103 90.6 2.4 119 5.1 12.7 112 5.1 80.5 117

-158 -66 NA -210.5 16.5 47.9 -112.1 16.5 -131.1 -159.6

7.21 6.5 6.23 7.31 6.72 6.39 6.65 6.78 7.12 6.79

15.99 16.8 14.15 15.08 5.2 9.31 16.0 5.2 8.98 15.2

72.4 13.0 NA 23.8 4.8 17.1 15.1 4.0 28.7 16.2

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered

None None None NoneNone None None NoneNone None

0

9/17/2001 4/2/2001 4/4/2000 9/17/20019/20/2004 8/29/2000 4/2/2001 4/4/20008/29/2000 9/17/2001

WS250 WS300 WS300 WS300WS200 WS240 WS250 WS250WS200 WS200

WS250-091701 WS300-040201 WS300-040400 WS300-091701WS200-092004 WS240-082900 WS250-040201 WS250-040400WS200-082900 WS200-091701

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-3 (cont.)
NATURAL ATTENUATION STUDY - SURFACE WATER WET CHEMISTRY DATA
DRAFT FINAL TECHNICIAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 10 OF 10

Sample Number

Sample Location

Date Sampled

Sample Elevation

QC Identifier

Filtered

Data Source

Wet Chemistry Analysis

Alkalinity

Conductivity

DO(Chemet)

DO(electrode)

Ferrous Iron

Nitrogen, Ammonia

ORP

pH

Temperature

Turbidity

NA NA NA 47.6 68.0 128 116 NA 76.0 7420

NA NA NA 491 420 644 809 NA 275 14350

NA NA NA 4.0 NA NA NA NA 3.0 NA

NA NA NA NA 5.5 3.27 7.6 NA 3.9 NA

NA NA NA 0.10 NA 0.020 0.010 NA NA NR

2.3 4.4 104 5.3 7.9 16.0 15.1 2.0 9.58 1980

NA NA NA 99.0 31.5 66.7 159.3 NA 80.9 -5.2

6.33 6.26 6.87 6.2 6.99 6.75 6.66 6.42 6.29 7.49

14.12 14.09 14.9 5.1 11.61 20.47 17.0 16.72 6.99 10.1

NA NA NA 4.3 8.3 7.7 11.1 NA 21.4 NR

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Robert Ford 
(EPA)

Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered UnfilteredUnfiltered Unfiltered Unfiltered Unfiltered

None NoneNone None None NoneNone None None None

00 0 0

11/30/1999 4/5/20014/4/2000 8/29/2000 9/17/2001 9/20/20049/20/2004 9/20/2004 9/20/2004 4/2/2001

WS50 NMLWS50 WS50 WS50 WS50WS300 WS350 WS400 WS50

WS50-113099 NML-10-040501WS50-040400 WS50-082900 WS50-091701 WS50-092004WS300-092004 WS350-092004 WS400-092004 WS50-040201

RI051306DF
U - Not detected; UJ - Detection limit approximate; J - Quantitation approximate;

R - Rejected; NA - Not Analyzed; * - From dilution analysis Tetra Tech NUS, Inc.



TABLE 2-4
JULY 11, 2005 SURFACE WATER SAMPLING RESULTS

DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

SAMPLE ID

Analyte (mg/L) CULV-01 COMB-01 OUTLET-01 185NB-HALLS-01 185NB-RR01 LANDFILL-LF01 LANDFILL-LF02 LANDFILL-RR02 RR03 RR04 HALLS-22MAPLE-01 HALLS-20THIRD-01

Ammonia-Nitrogen 8.03 2.10 3.81 ND 9.97 12.70 11.00 11.30 10.80 0.28 ND ND
Bromide ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50 ND<0.50
Chloride 40 103* 83* 104* 105* 130* 131* 112* 86* 92* 108* 105*
Fluoride ND<0.50 ND<0.50 ND<0.50 ND<0.50 0.6 ND<0.50 ND<0.50 0.6 1.1 ND<0.50 ND<0.50 ND<0.50
Nitrate 5.9 3.6 2.4 2.6 7.2 2.7 4.0 5.6 4.1 3.0 2.9 2.2
Nitrite 0.15 ND<0.10 ND<0.10 ND<0.10 0.21 0.24 0.39 0.18 ND<0.10 ND<0.10 ND<0.10 ND<0.10
Sulfate 24 23 31 12 61* 38 39 58* 85* 24 12 11
Nitrate (N) 1.3 0.81 0.54 0.59 1.6 0.61 0.90 1.3 0.93 0.68 0.65 0.50
Nitrite (N) 0.05 ND<0.03 ND<0.03 ND<0.03 0.06 0.07 0.12 0.05 ND<0.03 ND<0.03 ND<0.03 ND<0.03
o-Phospate (P) ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03 ND<0.03

* Estimated value, outside calibration curve
ND = Not Detected
ND<0.50 = Not Detected at a reporting limit of 0.50 mg/L
Note:  For clarity, the prefix "IP" has been removed from sample ID's.

RI051306DF Tetra Tech NUS, Inc.



TABLE 2-5
JULY 12, 2005 SOIL SAMPLING RESULTS

WELLS G&H WETLAND
DRAFT FINAL TECHNICAL MEMORANDUM

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

Sample ID
Analyte (mg/Kg) RC-01 RC-02 RC-03 RC-04 RC-05 RC-06 RC-07 RC-08 RC-09 RC-10 RC-11 RC-12
Aluminum 4600 9100 9000 3800 8300 3100 2900 5400 3100 13000 2200 7400
Antimony ND<9.8 ND<15 ND<16 ND<16 ND<12 ND<10 ND<11 ND<13 ND<10 ND<11 12 ND<9.7
Arsenic ND<20 ND<30 ND<32 ND<32 ND<24 ND<20 ND<22 ND<26 ND<20 ND<23 ND<20 ND<19
Barium 56 48 48 40 37 21 13 73 40 17 7 30
Beryllium ND<0.98 ND<1.5 ND<1.6 ND<1.6 ND<1.2 ND<1.0 ND<1.1 ND<1.3 ND<1.0 ND<1.1 ND<0.99 ND<0.97
Cadmium ND<2.9 ND<4.5 ND<4.8 ND<4.8 ND<3.2 ND<3.1 ND<3.3 ND<3.9 ND<3.0 ND<3.4 ND<3.0 ND<2.9
Calcium 2300 8000 3700 4800 9400 720 98 6000 5400 440 130 2700
Chromium 13 21 26 17 22 17 3.7 12 12 16 8.4 18
Cobalt 11 4.7 5 ND<4.8 3.9 ND<3.1 ND<3.3 7.6 ND<3.0 4.6 ND<3.0 21
Copper 20 29 79 22 21 16 4 21 19 17 11 26
Iron 5700 13000 20000 7800 7700 4300 2900 6400 6700 7300 3600 17000
Lead 69 140 240 250 370 280 52 200 240 190 160 55
Magnesium 830 900 690 370 620 150 69 1000 360 690 85 3100
Manganese 1600 94 33 24 23 9.3 3.8 37 33 24 6.4 790
Nickel 9.5 11 11 ND<9.6 7.3 6.2 ND<6.6 11 6.6 7.2 ND<5.9 14
Potassium ND<390 ND<600 ND<640 ND<640 490 ND<410 ND<440 530 ND<400 ND<460 ND<400 520
Selenium ND<9.8 ND<15 ND<16 ND<16 ND<12 ND<10 ND<11 ND<13 ND<10 ND<11 ND<9.9 ND<9.7
Silver ND<2.9 ND<4.5 ND<4.8 ND<4.8 ND<3.6 ND<3.1 ND<3.3 ND<3.9 ND<3.0 ND<3.4 ND<3.0 ND<2.9
Sodium ND<200 ND<300 ND<320 640 ND<240 ND<200 ND<220 ND<260 ND<200 ND<230 ND<200 ND<190
Thallium ND<20 ND<30 ND<32 ND<32 ND<24 ND<20 ND<22 ND<26 ND<20 ND<40 ND<20 ND<40
Vanadium 14 36 48 24 37 28 9.5 18 21 40 28 24
Zinc 53 79 57 45 41 23 5.8 64 56 33 17 84

* Estimated value, outside calibration curve
ND<15 = Not Detected at a reporting limit of 15 mg/Kg
Note:  For clarity, the prefix "IP" has been removed from sample ID's.

RI051306DF Tetra Tech NUS, Inc.



TABLE 4-1
COMPARISON OF AMMONIA RESULTS TO WATER QUALITY CRITERIA

DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Depth1 Depth1 Temp. NH3-N NRWQC2

Location Date (cm) (ft) °C pH mg N/L CCC CMC

WN50 11/30/1999 50 1.6 7.07 6.32 9.5 11.0 52
WN100 11/30/1999 100 3.3 7.14 6.32 9.87 10.9 52
WN150 11/30/1999 150 4.9 7.29 6.22 17 10.9 53
WN200 11/30/1999 200 6.6 9.44 6.08 42.5 9.6 54
WN250 11/30/1999 250 8.2 11.53 6.49 NM NA NA
WN260 11/30/1999 260 8.5 NM NM NM NA NA
WC50 11/30/1999 50 1.6 7.07 6.34 9.36 11.0 51

WC100 11/30/1999 100 3.3 7.08 6.31 9.34 11.0 52
WC150 11/30/1999 150 4.9 7.11 6.32 9.86 11.0 52
WC200 11/30/1999 200 6.6 8.05 6.12 33.6 10.5 54
WC250 11/30/1999 250 8.2 9.7 6.49 NM NA NA
WS50 11/30/1999 50 1.6 6.99 6.29 9.58 11.1 52

WS100 11/30/1999 100 3.3 6.99 6.3 9.54 11.1 52
WS150 11/30/1999 150 4.9 7.01 6.29 9.57 11.1 52
WS200 11/30/1999 200 6.6 9.3 6.21 NM NA NA
WS250 11/30/1999 250 8.2 9.54 6.45 NM NA NA
WS300 11/30/1999 320 10 10.16 6.84 NM NA NA
WN50 4/4/2000 50 1.6 10.83 6.79 7.4 8.0 42

WN100 4/4/2000 100 3.3 10.82 6.95 7.4 7.6 38
WN150 4/4/2000 150 4.9 10.87 7.02 7.5 7.4 35
WN175 4/4/2000 175 5.7 10.87 7.04 8.2 7.3 35
WN200 4/4/2000 200 6.6 10.89 7.05 8 7.3 34
WN225 4/4/2000 225 7.4 10.91 6.96 8.4 7.5 37
WN250 4/4/2000 250 8.2 10.83 7.19 99.1 6.8 30
WN300 4/4/2000 300 9.8 10.44 7.51 597 5.6 20
WC50 4/4/2000 50 1.6 11.39 7.03 7.6 7.1 35

WC100 4/4/2000 100 3.3 11.46 6.98 7.3 7.2 37
WC150 4/4/2000 150 4.9 11.52 6.97 7.3 7.2 37
WC200 4/4/2000 200 6.6 11.05 6.81 24.1 7.8 42
WC250 4/4/2000 250 8.2 9.95 6.5 8 8.9 49
WC275 4/4/2000 275 9.0 9.95 6.58 27.3 8.8 47
WC300 4/4/2000 300 9.8 9.6 7.35 NM NA NA
WS50 4/4/2000 50 1.6 11.61 6.99 7.9 7.1 36

WS100 4/4/2000 100 3.3 10.92 6.87 8.3 7.8 40
WS150 4/4/2000 150 4.9 10.78 6.78 8.8 8.0 43
WS200 4/4/2000 200 6.6 10.4 6.7 9.1 8.4 45
WS250 4/4/2000 250 8.2 9.31 6.39 12.7 9.4 51
WS300 4/4/2000 300 9.8 8.98 7.12 80.5 8.0 32
WS340 4/4/2000 340 11 8.94 7.33 NM NA NA

RI051306DF Tetra Tech NUS, Inc.



TABLE 4-1 (cont.)
COMPARISON OF AMMONIA RESULTS TO WATER QUALITY CRITERIA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 5

Depth1 Depth1 Temp. NH3-N NRWQC2

Location Date (cm) (ft) °C pH mg N/L CCC CMC

WN50 8/25/2000 50 1.6 19 7.12 13.1 4.2 32
WN100 8/25/2000 100 3.3 18.54 7.28 14.7 3.9 27
WN150 8/25/2000 150 4.9 17.76 7.16 15.5 4.4 31
WN180 8/25/2000 180 5.9 15.29 7.37 68.8 4.6 24
WN200 8/25/2000 200 6.6 14.28 7.2 132 5.4 30
WC50 8/25/2000 50 1.6 22.26 7.52 14.8 2.6 19

WC100 8/25/2000 100 3.3 19.23 7.39 15.2 3.5 23
WC150 8/25/2000 150 4.9 17.74 7.35 44 4.0 25
WC200 8/25/2000 200 6.6 15.23 7.76 61 3.1 13
WC250 8/25/2000 240 7.9 15.23 8.02 119 2.2 8
WS50 8/29/2000 50 1.6 20.47 6.75 16 4.3 43

WS100 8/29/2000 100 3.3 19.3 6.58 31.1 4.8 47
WS150 8/29/2000 150 4.9 18.57 6.61 60.3 5.0 47
WS200 8/29/2000 200 6.6 15.99 7.21 103 4.9 29
WS240 8/29/2000 240 7.9 15.08 7.31 119 4.8 26
WN50 4/2/2001 50 1.6 4.1 6.34 5.4 11.0 51

WN100 4/2/2001 100 3.3 4.1 6.13 5.5 11.2 54
WN150 4/2/2001 150 4.9 4.1 6.16 6 11.2 54
WN200 4/2/2001 200 6.6 4.1 6.16 6.4 11.2 54
WN250 4/2/2001 250 8.2 4.4 6.71 7 10.4 44
WN270 4/2/2001 270 8.9 4.6 6.46 6.8 10.9 50
WN310 4/2/2001 310 10 6.4 6.5 95.5 10.8 49
WC50 4/2/2001 50 1.6 4 5.1 5 11.5 58

WC100 4/2/2001 100 3.3 4.5 5.23 5.3 11.5 58
WC150 4/2/2001 150 4.9 4.8 5.03 4.8 11.5 58
WC200 4/2/2001 200 6.6 4.9 5.82 5.1 11.4 56
WC250 4/2/2001 250 8.2 4.8 6.29 5.1 11.1 52
WC300 4/2/2001 300 9.8 4.9 6.53 5.2 10.8 48
WS50 4/2/2001 50 1.6 5.1 6.2 5.3 11.1 53

WS100 4/2/2001 100 3.3 5.3 6.17 5.1 11.2 53
WS150 4/2/2001 150 4.9 5.2 6.43 5.1 10.9 50
WS200 4/2/2001 200 6.6 5.4 6.63 5.1 10.6 46
WS250 4/2/2001 250 8.2 5.2 6.72 5.1 10.4 44
WS300 4/2/2001 300 9.8 5.2 6.78 5.1 10.2 43
WC50 9/17/2001 50 1.6 16.4 6.58 16.4 5.8 47

WC100 9/17/2001 100 3.3 16.3 6.56 17.9 5.9 48
WC150 9/17/2001 150 4.9 16.5 6.33 44.8 6.0 52
WC200 9/17/2001 200 6.6 16.5 6.42 79.6 5.9 50
WC250 9/17/2001 250 8.2 16 6.6 115 6.0 47

RI051306DF Tetra Tech NUS, Inc.



TABLE 4-1 (cont.)
COMPARISON OF AMMONIA RESULTS TO WATER QUALITY CRITERIA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 5

Depth1 Depth1 Temp. NH3-N NRWQC2

Location Date (cm) (ft) °C pH mg N/L CCC CMC

WC300 9/17/2001 300 9.8 15.7 6.57 151 6.1 47
WC320 9/17/2001 320 10 15.6 6.72 NM NA NA
WS50 9/17/2001 50 1.6 17 6.66 15.1 5.5 46

WS100 9/17/2001 100 3.3 16.8 6.69 24 5.6 45
WS150 9/17/2001 150 4.9 16.4 6.37 38 6.0 51
WS200 9/17/2001 200 6.6 16.8 6.5 90.6 5.7 49
WS250 9/17/2001 250 8.2 16 6.65 112 5.9 46
WS300 9/17/2001 300 9.8 15.2 6.79 117 6.0 42
WS330 9/17/2001 330 11 14.7 7.17 NM NA NA
WS50 9/20/2004 50 1.6 16.72 6.42 2 5.8 50

WS100 9/20/2004 100 3.3 15.9 6.28 2.2 6.2 52
WS150 9/20/2004 150 4.9 14.19 6.18 2.4 7.0 53
WS200 9/20/2004 200 6.6 14.15 6.23 2.4 7.0 53
WS300 9/20/2004 300 9.8 14.12 6.33 2.3 7.0 52
WS350 9/20/2004 350 11 14.09 6.26 4.4 7.0 52
WS400 9/20/2004 400 13 14.9 6.87 104 6.0 40

4/5/2000 10 0.33 11.5 7.93 5.2 3.2 10
5/18/2000 10 0.33 14 7.44 7.8 4.7 22
8/30/2000 10 0.33 19.4 7.22 7.6 3.9 29
4/5/2001 10 0.33 11 6.86 5.5 7.7 40

9/16/2001 10 0.33 15.1 6.97 4.1 5.7 37
9/20/2004 10 0.33 NM NM 3.3 NA NA
4/5/2000 10 0.33 11.1 7.14 0.1 6.9 32

5/18/2000 10 0.33 NM NM NM NA NA
8/24/00, A 10 0.33 16.7 6.33 NM NA NA
8/24/00, B 10 0.33 18.2 5.94 NM NA NA
4/5/2001 10 0.33 NM NM 2.2 NA NA

9/20/2004 10 0.33 NM NM 0.7 NA NA
4/5/2000 10 0.33 12 6.7 7.4 7.6 45

5/18/2000 10 0.33 16 7.14 8 5.0 32
8/30/2000 10 0.33 22.6 6.95 16 3.6 38
4/5/2001 10 0.33 10.9 6.76 6.9 8.0 43

9/16/2001 10 0.33 21.6 6.73 17.2 4.1 44
9/20/2004 10 0.33 NM NM 4 NA NA
4/5/2001 69 2.3 NM NM NM NA NA

4/10/2001 69 2.3 11.8 6.18 NM NA NA
5/14/2001 69 2.3 14.1 6.63 12.2 6.7 46
9/14/2001 69 2.3 15.8 6.25 17.2 6.3 53
9/21/2004 69 2.3 NM NM NM NA NA

Atlantic Ave. 
Drainway

HBHA Pond Outlet

NML-1

Hall’s Brook Inlet

RI051306DF Tetra Tech NUS, Inc.



TABLE 4-1 (cont.)
COMPARISON OF AMMONIA RESULTS TO WATER QUALITY CRITERIA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 5

Depth1 Depth1 Temp. NH3-N NRWQC2

Location Date (cm) (ft) °C pH mg N/L CCC CMC

4/5/2001 119 3.9 9.5 6.53 8.2 9.2 48
4/10/2001 119 3.9 10.5 6.15 NM NA NA
5/14/2001 119 3.9 13.6 6.54 16.1 7.0 48
5/31/2001 119 3.9 15.6 6.44 NM NA NA
9/14/2001 119 3.9 16.1 6.31 14.9 6.1 52
9/21/2004 119 3.9 NM NM NM NA NA
4/5/2001 169 5.5 NM NM NM NA NA

4/10/2001 169 5.5 11.4 6.28 NM NA NA
5/14/2001 169 5.5 13.9 6.21 21.3 7.1 53
9/14/2001 169 5.5 16.4 5.23 18.3 6.3 58
9/21/2004 169 5.5 NM NM NM NA NA
4/5/2001 219 7.2 9.4 6.53 9.9 9.2 48

4/10/2001 219 7.2 10.9 6.54 NM NA NA
5/14/2001 219 7.2 14.2 6.24 42.6 7.0 53
9/14/2001 219 7.2 16.3 6.11 80.3 6.2 54
9/21/2004 219 7.2 NM NM NM NA NA
4/5/2001 269 8.8 9.9 6.42 63.2 9.1 50

4/10/2001 269 8.8 10.6 6.71 NM NA NA
5/14/2001 269 8.8 14.1 6.54 323 6.8 48
9/13/2001 269 8.8 22.9 6.68 449 3.8 45
9/21/2004 269 8.8 NM NM NM NA NA
4/5/2001 319 10 9.6 6.64 297 8.9 46

4/10/2001 319 10 10.6 6.56 NM NA NA
5/14/2001 319 10 14.8 6.81 817 6.2 42
5/31/2001 319 10 15.2 7.03 NM NA NA
9/13/2001 319 10 23.9 6.84 1050 3.4 41
9/21/2004 319 10 16 6.98 933 5.4 37
4/5/2001 369 12 9.9 7.14 1170 7.5 32

4/10/2001 369 12 11.3 6.62 NM NA NA
5/14/2001 369 12 14.8 6.73 1180 6.3 44
9/13/2001 369 12 24.8 6.73 1160 3.3 44
9/21/2004 369 12 16.8 6.93 1110 5.2 38
4/5/2001 419 14 10.4 6.86 1150 8.1 40

4/10/2001 419 14 10.7 6.68 NM NA NA
5/14/2001 419 14 16.4 6.74 1230 5.6 44
9/13/2001 419 14 27.5 6.79 1270 2.7 42
9/21/2004 419 14 17.9 6.83 1100 5.0 41

NML-2

NML-3

NML-4

NML-5

NML-6

NML-7

NML-8

RI051306DF Tetra Tech NUS, Inc.



TABLE 4-1 (cont.)
COMPARISON OF AMMONIA RESULTS TO WATER QUALITY CRITERIA
DRAFT FINAL TECHNICAL MEMORANDUM
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 5 OF 5

Depth1 Depth1 Temp. NH3-N NRWQC2

Location Date (cm) (ft) °C pH mg N/L CCC CMC

4/5/2001 469 15 NM NM 1100 NA NA
4/10/2001 469 15 NM NM NM NA NA
5/14/2001 469 15 NM NM 1890 NA NA
9/14/2001 469 15 NM NM 2050 NA NA
9/21/2004 469 15 NM NM NM NA NA
4/5/2001 519 17 10.1 7.49 1980 5.8 20

4/10/2001 519 17 12.7 7.28 NM NA NA
5/14/2001 519 17 15.9 7.09 2100 5.2 33
9/13/2001 519 17 21.3 7.46 2110 2.9 21
9/21/2004 519 17 18.6 7.14 1670 4.3 32

IP-OUTLET-01        7/11/2005 NA NA 23.3 6.98 3.81 3.4 37
Notes
1.  Depth for NML samples is screen depth, while other depths are sonde depths.

Boldface criteria were exceeded by sample results.  

NA = not applicable
ND = not detected
NS = not sampled
NM = not measured

2.  NRWQC - National Recommended Water Quality Criteria (EPA, 2004) for CMC (acute criteria for salmonid fish 
not present) and CCC (chronic criteria for fish early life stages absent) adjusted for pH and temperature.

NML-9

NML-10

RI051306DF Tetra Tech NUS, Inc.



FIGURES





 

West
Hide
Pile

East
Hide
Pile

East-Central
Hide Pile

South
Hide
Pile

West
Hide
Pile

East
Hide
Pile

East-Central
Hide Pile

South
Hide
Pile



 

Regional
Transportation
Center

Regional
Transportation
Center

Regional
Transportation
Center

Regional
Transportation
Center



 

DMLS-1

DMLS-2
North Surface Water

DMLS-3

Central Surface Water

South Surface Water

NML
DMLS-1

DMLS-2
North Surface Water

DMLS-3

Central Surface Water

South Surface Water

NML

Atlantic Avenue Drainway

Hall’s Brook Inlet

HBHA Pond Outlet

DMLS-1

DMLS-2
North Surface Water

DMLS-3

Central Surface Water

South Surface Water

NML
DMLS-1

DMLS-2
North Surface Water

DMLS-3

Central Surface Water

South Surface Water

NML

Atlantic Avenue Drainway

Hall’s Brook Inlet

HBHA Pond Outlet











REFERENCES



DRAFT FINAL

RI051306DF R-1 Tetra Tech NUS, Inc.

REFERENCES

Foster and Chrostowski. 1986.  Sara A. Foster and Paul C. Chrostowski, ICF Clement Assoc. 
Integrated Exposure Model for Use of Tap Water Contaminated with Volatile Organic 
Chemicals.  79th Annual Meeting of the Air Pollution Control Association, Minneapolis, 
Minnesota.  June 1986.

Foster and Chrostowski. 1987.  Sara A. Foster and Paul C. Chrostowski, ICF Clement Assoc., 
Washington, D.C.  Inhalation Exposure to Volatile Organic Contaminants in the Shower.  80th

Annual Meeting of the Air Pollution Control Association, New York, New York.  June 21-26, 
1987.

Gilliam, J.W. 1994. “Riparian Wetlands and Water Quality.” J. Environ Q. Vol. 23:896-900.

Massachusetts Department of Environmental Protection. (MADEP).  1997.  Groundwater Use 
and Value Determination Pilot, Industi-Plex Superfund Site.  August 1997.

Masters, 1991.  Introduction to Environemntal Engineering and Science, Gilbert M. Masters, 
Prentice-Hall, Inc., 1991.

Metcalf and Eddy, Inc. (M&E).  2004.  Baseline Human Health and Ecological Risk Assessment, 
Wells G&H Superfund Site, Aberjona River Study, Operable Unit 3, Woburn, Massachusetts.
Prepared for the U.S. Environmental Protection Agency.  Contract No. 68-W6-0042. September 
2004.

Reilly, W. 1991. U.S. Environmental Protection Agency. Testimony for July 10, 1991 Hearing 
before the Senate Subcommittee on Environmental Protection regarding Section 404 of the 
Clean Water Act.

TtNUS, 2005a,  Draft Final MSGRP Remedial Investigation Report, Industri-Plex Site, Woburn, 
MA. Tetra Tech NUS, Inc. March 2005

TtNUS, 2005b,  Draft Final MSGRP Feasibility Study Report, Industri-Plex Site, Woburn, MA. 
Tetra Tech NUS, Inc. June 2005

U.S. Environmental Protection Agency (USEPA).  1989.  Risk assessment guidance for 
Superfund.  Volume I:  Human health evaluation manual.  Part A.   Interim Final.  EPA/540/1-
89/002.  December 1989.

U.S. Environmental Protection Agency (USEPA).  1994a.  Revised interim soil lead guidance for 
CERCLA sites and RCRA corrective action facilities.  Office of Solid Waste and Emergency 
Response. Washington, D.C.  OSWER Directive 9355.4-12.  July 1994.

U.S. Environmental Protection Agency (USEPA).  1994b.  Risk updates, no. 2.  USEPA 
Region I.  August 1994.

U.S. Environmental Protection Agency (USEPA).  1997a.  Exposure factors handbook.  Office of 
Research and Development.  Washington, D.C.  August 1997.



DRAFT FINAL

RI051306DF R-2 Tetra Tech NUS, Inc.

U.S. Environmental Protection Agency (USEPA).  1999.  Update of Ambient Water Quality 
Criteria for Ammonia.  EPA-822-R-99-014.  December 1999. 

U.S. Environmental Protection Agency (USEPA).  2002.  National Recommended Water Quality 
Criteria.  Federal Register.  December 27, 2002.

U.S. Environmental Protection Agency (USEPA).  2004.  Preliminary remediation goals table.  
Region 9 technical support team.  Office of Superfund Programs. Region IX.  October  2004.

U.S. Environmental Protection Agency (USEPA).  2004b.  Drinking Water Standards and Health 
Advisories. Office of Water.  Washington, D.C.  Winter 2004.

U.S. Environmental Protection Agency (USEPA).  2005.  Integrated risk information system 
(IRIS).  Environmental Criterion and Assessment Office.  August  2005. 






















































































































































































































































































































	TECHNICAL MEMORANDUM
	TABLE OF CONTENTS
	ACRONYMS AND ABBREVIATIONS
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	2.0 SAMPLING BACKGROUND
	2.1 Groundwater and Surface Water Data
	2.2 July 2005 Surface Water Data
	2.3 July 2005 Soil Data

	3.0 NATURE AND EXTENT OF CONTAMINATION AND FATE AND TRANSPORT
	3.1 Groundwater
	3.2 Surface Water
	3.3 Soil

	4.0 RISK EVALUATION
	4.1 Human Health Risk Evaluation
	4.2 Ecological Risk Evaluation
	4.3 Impact of Findings on RAOs and PRGs

	5.0 IMPACT OF FINDINGS ON THE JUNE 2005 PROPOSED PLAN
	6.0 SUMMARY
	TABLES
	2-1 Groundwater Wet Chemistry Analytical Results
	2-2 Natural Attenuation Study - Groundwater Wet Chemistry Data
	2-3 Natural Attenuation Study - Surface Water Wet Chemistry Data
	2-4 July 11, 2005 Surface Water Sampling Results
	2-5 July 12, 2005 Soil Sampling Results – Wells G&H Wetland
	4-1 Comparison of Ammonia Results to Water Quality Criteria

	FIGURES
	2-1 Groundwater Sample Locations Analyzed for Ammonia
	2-2 EPA/ORD Snap-Shot Groundwater Sample Locations
	2-3 EPA/ORD Fixed Groundwater Sample Locations
	2-4 EPA/ORD Surface Water Sample Locations
	2-5 Industri-Plex Water Sampling Halls Pond Watershed
	2-6 Industri-Plex Soil Sampling Rifle Club Area
	3-1 Ammonia Concentrations in Groundwater
	3-2 Partial Key Contaminant Migration Pathways with Ammonia and July 2005 Sample Locations

	REFERENCES
	APPENDICES
	A Natural Attenuation Study Ammonia Data in Surface Water
	B July 2005 Surface Water and Soil Sample Results
	C Supporting Information for Risk Evaluation
	D National Recommended Water Quality Criteria Tables for Ammonia
	E Ammonia Toxicity Profile




